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Thb Edition of Appleby's Hand-book of Machinebt, published in 1869, and seTenu 
reprints of it haying been exhausted, a New Edition (of which this section forms a portion) is 
now being completed ; and for the oonTenience of those who desire information on specific 
subjects, but not on all those treated, the book will be divided into eight sections, each of which 
may be obtained separately as follows :— 

Section 1.— PBIME MOVEBS. 
STEAit, Gas and Air Engines, Boilebb, Tcbbines, Era 

Section 2.— HOISTINQ MACHINSBT. 
Winding Engines, Htdbaulio, Steak and Hand Obanes, Winches and Jacks. 

Section 3.— PTJMPrNTO MACHINEB7. 

Pumping Engines, Gentbifugal, Steam and Hand Pumps. 

Section 4.— MACHINE TOOIiS. 
Fob Wobking Metals, Wood, ETa 

Section 5.— CONTBACTOBS' PI.ANT AND BAHiWAT MATEBIAIiS, 

Including the Hacuinebt and Matebials bequibed fob the Gonstbuotion and Equipment 

of Bailwats and otheb Public Wobks. 

SEonoN 6.— COIiONIAIi AND MANXTPACTUEINa MACHINEBT. 

For Tbeating Gobn, Goffee, Bice, Sugab, Gotton, and otheb Pboducts, Oil Hills, 

Gas Wobks, sTa 

Section 7.— MI SCEIiI. ANEOTT S IBON WOBK. 

Brass Fittinos, Eng^eeVs ^ools, and Genebal Stobxs. 

Section 8.— TTSEFTTL TABLES AND MEMORANDA. 

For Engineers, Merchaniis, and Manufacturers, with Prices, Weights, Mbasubements, 

Working Besults, Gost of Working, etc. 

The complete work will form two volumes of about 900 pages, illustrated by nearly 700 
Engravings. 

The subject matter has been almost entirely rewritten, and the Engravings illustrate for the 
most psurt work designed or carried out by tlie Autiiors' Firm, and now in successful operation. 
Details of design, construction, and proportions will be subject to modification from tiine to 
time. 

The Prices have been corrected up to date, and are based on the present value of metals and 
labour : they will therefore necessarily be subject to modification if there should be any material 
change in the value of these items. 

Weights and measurements are given approximately, so that the cost of freight, duty, &c., 
may be roughly estimated; also some data as to the cost of working, the motive power 
reqxiired, and the work performed. 

The cost of packing for shipment and delivery to docks varies with the nature of the packing 
required and the destination, but the average is — 

For packing and delivery alongside vessel in London .. .. about 3 per cent, 
ditto ditto Liverpool or Hull .. about 5 per cent, 

ditto ditto Gardiff or Glasgow . . about 7} per cent. 

The details above referred to are in a handy form for reference, and it is hoped they 
may prove useful alike to Engineers and to users and purchasers of Machinery and Materials 
connected therewith. 
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APPLEBY'S HANDBOOK OF MACHINERY. 



HOISTING MACHINERY.— Sbction 2. 



SO-TOH xFAmBATRy 8IEAX G&AHX. The orane illustrated Fig. 101, generally 
known as the " Fairboim ** crane, &om the fact that it was originally designed by Sir William 
Fairbairn, in order to obtain great olearance under the jib-head for dealing with bulky packages, 
and for loading or discharging vessels of lieavy tonnage, is constructed chiefly of wrought- 
iron : the box girder section gives the greatest strength with a minimum of material, and as 
this gilder revolves, it always maintains the same relative position to the load ; the continuity 
of the structure U also well preserved instead of the strains being divided between tiie jib, tie 
rods, framing, and post, as is the case in the form adopted for cranes of smaller power. 

The necessary stability is obtained by the lower portion of the girder working in a circular 
pit of masonry, or, where a good foundation of masonry cannot be used, in a massive cast-iron 
cylinder of about 8 ft. diameter ; there is a cast-iron plate at ground line, bolted to the foundations 
and bored internally, and at the bottom of the pit or cylinder thtsre is a cast-iron socket to receive 
the pivot which is fitted to the foot of the curved girder or jib; hardened steel washers working 
in oil being interposed to reduce and distribute the friction over a large area. The girder or jib 
is also fitted with a casting turned on its vertical face and about 6 ft. diameter, and l^tween this 
casting and the bored internal ring above referred to, a live ring of rollers about 12 in. diameter 
is interposed, those directly in line of the greatest strain being of steel ; the enormous strain ia 
thus distributed over a large number of friction wheels and a correspondingly large area of the 
foundation plate or ring. In some situations it is convenient to raise the masonry or cast-iron 
cylinder above the ground line, either from difficulty in obtaining foundations or to raise the 
jib-head to a greater elevation. 

The arrangement of engines, boiler and gearing does not materially differ from the ordinary 
steam cranes, except that the first motions are all transmitted from the engines through a set 
of friction dutches and worm and tangent wheels^ and the lifting gear is fitted with three powers 
in addition to the chain and blocks at the jib-head ; the slewing or turning motions are also fitted 
with two speeds, and can be manipulated together with the load without stopping or reversing the 
engines. The barrel is grooved spirally to take the whole length of chain without an overlap, 
and the chain barrel shaft ia driven from both sides by double gearing. Double hand shafts can 
also be provided, so that the crane can be worked in all motions when steam is down and only a 
single lift required^ and the double hand shaft? enable a large number of men to be employed 
without crowding. If it is desired to take steam from a fixed boiler, the steam pipe l^s 
through the pivot to the engines, or the crane may be driven by a pair of hydraulic engines, 
. and the pressure pipe conveyed to them in the same manner as if steam were used ; many hand 
cranes of this type have been converted to work by steam or hydraulic power in the manner 
referred to^ The condition as to radius and height of these cranes being always suited to their 
special requirements, it is somewhat difficult to quote prices but the following may be taken as 
an average both as to dimensions and cost ot cranes of the type of Figs. 101 and 102 : — 



Power of crane 


SO tons 


40 tons 


50 tons 


60 tons 


80 tons 


Radius of jib 


25 f^. 


30 ft 


85 a 


45 ft 


50 ft. 


Height of jib head .. 
Prices without boiler or tank 


35 ft. 


35 ft 


40 ft 


50 ft 


60 ft 


£2050 


£2900 


£3000 


£3500 


£4200 


Prices with boiler complete 


£2200 


£3100 


£3200 


£3700 


£4400 


Price for iron housing 


£35 


£40 


£40 


£45 


£50 


Price for covering boiler . . 


£15 


£20 


£20 


£25 


£25 


Approximate weight >, .. 


50 tons 


65 tons 


80 tons 


100 tons 


130 tons 



The above prices are esclusive'of the, cast-iron caisson generally used in peaty or unsound 
ground, and the cost of these may be estimated at about £18 to £20 per ton, including fitting, 
facing, and bolts ready for fixing. 

The engraving Fig. 102. page 2, is a modification of the ** Fau-baim " type, the crane 
being straight from the point above the gearing to the jib-head sheaves, and insteed of the solid 
web plates, the top and bottom members are connected by transverse ties and diagonal bracing 
as shown. This construction is somewhat more economical in material than the solid web 
plates, but being more expentiive in construction, the cost is about equal. An advantage may 
sometimes arise, when required for shipment, as the freight would be lower, and the chain can 
be taken direct to the chain barrel ; in cranes of the heaviest kind a double set of chains are 
employed. 

20-TOK FIXED STEAM WHAEF CRAETE. The crane. Fig. 103, page 3, is designed 
for lower powers than 30 tons, the cost of the Fairbaim type oeing higher without, in the 
large majority of instances, any commensurate advantage being obtained. 

The two steam cylinders 7 in. diameter x 10 in. stroke are fixed vertically, and are fitted with 
case-hardened link reversing motionfi ; the lifting gear is of two powers, the third power being 
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obtained by a block with the chain reefed to the jib-head. The single gear is proportioned to 
vfork loads up to 5 tons at quick speed, tlie double gear 8 tons at a lower speed, and the 
maximum load of 20 tons is lifted with the double chain and block. The turning motion has 
two speeds, so that the operations of lifting and turning are in unison with each other, and it is 
transmitted from the engine-shaft by a set of bevel wheels and double friction cones put into 
contact by a powerful eccentric lever. Motion is thus given to a pair of friction wheels imme- 
diately under the foot of the crane jib and distributing the thrubt due to the load over a large 
area of the turned roller path on the foundation plate. Plain friction surfaces present many 
advantages over toothed gear for turning, especially when working at a high speed or at a long ' 
radius, toothed gear being very frequently broken when the load is set in motion or stopped too 
suddenly, whilst with friction surfaces Uie wheds slip on the roller path until the jib is brought 
to rest. 

The crane may be fitted with rigid tie bars, but the derrick motion shown is invaluable 
when a variable radius is required, as, for instance, to reach the centres of veusels of different 
beam, or to obtain a height necessary for dealing with exceptionally bulky packages. Tp.\B 
motion is transmitted firom the crank shaft by a pair of bevel wheels to a vertical shaft with 
a worm on its upper end, driving a tangent wheel on the end of a chain barrel, the chains being 
double and in duplicate. 

The crane post is of hammered scrap iron, turned to receive the superstructure, and to be 
fitted and keyed into the massive iron foundation plate. When steam is supplied from a 
stationary boiler, the post is bored down the centre and fitted with a steam gland at top and a 
steam-pipe connection below the base plate. 

The boiler is usually carried on a feed water tank, which is fixed behind the crane, and 
forms a platform for the attendant as well as a useful counterpoise to the load. The hanging 
tube type is preferred, but a vertical multitubular or a plain cross tube boiler will be supplied if 
desired. In all cases the boilers are of ample proportion, and are fitted with all the usual 
mountings and of the most improved kinds, including double safety valve, steam pressure 
gauge, and fusible plug in the crown of the fire-box. The feed pump is worked from the 
engine shaft, but a separate donkey pump or an injector will be supplied at an extra cost of 
from £15 to £23. Sufficient best tested short link crane chain is supplied to reach 15 feet 
below ground line when the double chain and block are used. 

The whole of the motions can be worked by hand power when steam is down, which is 
sometimes a great advantage. 

Foundation bolts are included in the subjoined prices, and the cost of packing for shipment 
is from 2 to 3 per cent, on those prices : — 



Power of crane, Fig. 103 

Radius of pib at 45^ 


15 tons 


20 tons 


25 tons 


16 ft. 


18 ft. 


20 ft. 


Steam oylmders, two . . 


7 X 10 in. 


7J X 10 in. 


8 X 12 in. 


Price of crane without boiler . . . . . . 


£895 9 


£1245 


£1740 


„ with boiler and tank 


£975 


£1350 


£1850 


„ extra if with derrick jib 


£40 


£45 


£50 


„ „ if with iron jib 


£25 


£30 


£35 


„ „ if with curved iron jib 


£30 


£35 


£40 


„ ,, if with iron housing . . 


£30 


£30 


£35 


„ „ if boiler is covered .. 


£20 


£20 


£25 


Approximate weight 


20 tons 


25 tons 


30 tons 


„ measuroment 


800 cubic ft. 


950 cubic ft 


1100 cubic ft. 



The radius of jib above given has been taken as a standard, but it can be modified to suit 
special cases. 

The type of crane. Fig. 104, page 6, No. 29, is, with, but slight modification, constructed of 
all sizes from 3 to 10 tons' power. The following description, however, refers to a 10-ton crane 
with two steam cylinders 7} in. diameter x 10 in. stroke, fixed in an inclined position on the 
outside of each side frame. The steam ports pass through the fnunes, and the slide valve chests 
are on the inner sides of the frames ; the guides to the pistons are cast to the top cylinder 
covers, and are truly bored to receive the slide blocks, the wearing surfece being very large ; 
the blocks oottered to the steel piston rods receive the lower end of the connecting rods, which 
are of wrought iron, fitted with gun-metal steps at sUde block end and cross cotter to take up 
the wear ; the crank-pin ends are of the marine pattern. The crank shaft is fitted with- a pair 
of turned balanced disc plates, into which the crank-pin ends are rivetted ; inside the frames 
are the eccentric sheaves, with gun-metal straps, and the reversing motion is of the shifting 
link type; the crank shaft and all the high speed shafts ate, as far as possible, fitted with gun- 
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metal bearings, loose caps, and lock nuts ; the motions for lifting, taming and altering the 
radius are taken from the crank sliaft The lifting power is single and double purchase, and 
the barrel shaft is fitted with a friction strap brake for lowering ; for the third power, a ruuning 
block and double chain to the jib-head is used when lifting the maximum load of 10 tons. The 
turning or slewing motion is transmitted from the intermediate shaft by a set of bevel wheels 
and double friction cones (the power and speed of slewing being altereid simultaneously with 
tue corresponding lifting power), and a vertical shaft and train of bevel gear transmits motion 
to two large friction wheels which are almost directly in the line of thrust of jib ; the axis of 
these radiate to the centre of the crane, and travel on a turned path on the foundation plate. 
The friction cones are put into contact by a powerful eccentric hand* lever, and the slewing 
motion can be worked in either direction whilst lifting or lowering the loads, and without 
stopping or reversing the engines. 

The derrick motion is taken from the engine shaft by a pair of bevel wheels driving 
an oblique shaft, with a cast steel worm on the top, gearing into a tangent wheel on the chain 
barrel, around which coils the single chain of the double sheave bloc^ leading from the top 
stretcher of the crane framing and jib-head pin ; the worm and tangent gear sustaining the jib 
in any required position when the nrst motion wheels are disconnected from the engines. 

The whole of the engines and gearing are mounted on a pair of cast*iron side frames and 
revolving base ; a wrouglit-iron feed water tank is bolted to this base, forming the foot-plate 
for the driver and support for the steam boiler, which is placed well back to assist in counter- 
balancing the load ; the sides of the boiler are fitted with coul bunkers. The crane post is 
of hammered scrap iron, extending a considerable distance below the ground line, and when 
the crane is driven from a stationary boiler, the post is made hollow to convey steam to the 
engines through its centre; the post is fitted with a massive cast-iron plate at the ground 
line, and a toe plate at the lower end of the post, holding down bolts passing from the lower to 
the top plate, and securing the whole mass of masonry weU together. 

The crane-jib is of iron, composed of side plate and angle irons braced together ¥nth lattice 
bracing, sometimes curved, as shown in the engraving of portable crane, Fig. 117, page 27; this 
entails a little additional expense, but is sometimes very convenient. Wo^ jibs are, however, 
generally used, and, being both light and stiff, are recommended for cranes of this and smaller 
powers, excepting when a curved jib is required, or tlie crane is for use in an exceptionally hot 
climate. 

The boiler is of the vertical type, 3 ft. 6 in. outside diameter, 7 ft. high, and is fitted with two 
cross tubes. This form of boiler, although not the best for economy of fuel, has the advantage 
of being simple in construction and not liable to get out of order, even when working with bad 
water, which is often of more importance than some saving of fuel with a complicated and 
expensive boiler. The boiler has all the u^ual fittings, and is connected to the crane engines by 
steam pipes ; the feed water is taken from the water tank by a hollow plunger feed pump, 
worked by an eccentric on the crank shaft, and a cock and check valve are placed between tliO 
pump and the boiler. 

The principal differences between the crane above described and the smsller sizes are those 
of proportion and radius ; the latter have only one friction wheel under jib, and the smallest 
sizes are only single purchase. 

The prices of the various sizes, fitted with or without boiler, &c., will be obtained from 
the subjoined table ; the radius given is that upon which the strains have been calculated, and 
if it is desired to increase the radius of any crane, the load must be proportionately decreased, 
or a heavier crane be taken to do the work. 



Power of crane, Fig. 104 

Normal radius at 45° 

Number of cylinders 

Diameter and stroke of cylinders 

Price of crane with fixed jib,'i 
without boiler or tank . . / 

Price of crane with fixed jib,l 
with boiler and tank ../ 

Price extra with derrick gear . . 

Price extra for iron jib . . 

for curved iron jib . , 
for iron housing 
for covering boiler . . 

Approximate weight 

measurement 



3 tons 5 tons 7 tons 10 tons 

14 ft. 15 ft. 16 ft. 18 ft 

2 2 2 2 

6J X lOin.'ej X 10 in. 7} X 10iu.;7i X 10 in. 

£300 



15 tons 

20 ft. 

2 

8 X 12 in. 



»> 



>» 



»» 






M 



» 



£400 

£15 
£10 
£15 
£20 
£15 
7 tons 
280 cub. ft. 



£400 

£500 

£20 
£15 
£20 
£25 
£18 
10 tons 
400 cub. ft. 



£520 £720 £900 

I I 

£650 £850 £1050 



£25 
£18 
£23 
£28 
£20 
12 tons 
480 (hib. ft. 



£30 
£20 
£25 
£32 
£20 
15 tons 
600 cub. ft 



£35 
£25 
£30 
£35 
£25 
20 tons 
800 cub. ft 



These prices include foundation bolts. The cost of packing for shipment is 3 per cent 
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Fig. 105. 

The SHIPS DECK or WEASF CSANB, Fig. 105, Na 10, is very quick in action, and 
is conatriiotod to occupy ttie minimam of spBoe ; steam is sapplied frum the main boiler 
of the veesol or fuctoty. oi from a separate boilei of saRtcient power for seier&I cranee ot 
winches. Bometimoe tlje boiler is fixed behind Uie crane, auiI ewinga with it, as ahown Fig. 101, 
but thiB arrangenient ahonld, if passible, be avoided, crnnes of this type being speciaUy deeigned 
to work qnioklj with light loads at a ahoit radios and to tabo the steam from a fixed boiler. 

The enginea have link leveraing motions; the lifting gear is single or donhle purchnue, as 

?iecifled below, and is fitted with a powerful strap brake worked by the foot for lowering, 
ho tummg motion ia tranemitted throngh double friction clulohea, and the crane will torn iQ 
either dii«cti:»i whether it ia lifting or lowering, without stopping or reversing the engines. 
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The speeds of lifting and turning are arranged to make a lift, tnm one-third of a circle, and 
lower the load in about 30 seconds. 

The crane post is of hammered scrap iron of suflScient length to reach the lower deck or 
keelson of a vessel or a similar depth below quay level, but on board ship the post should be 
carried down as low aa possible in order to relieve the deck from excessive strain. The post 
is bored hollow above the foundatiou plate, the steam being carried into it at or slightly below 
that level, and passing through a gland at the top of the post to the steam cylinders. The 
exhaust steam can be carried back through the post to water level or to any convenient 
point ; this entails a slight additional expense, but it effectually gets rid of the discomfort 
caused by the escape of exhaust steam, especially in cold weather, as well as the risk of 
damage to goods or cargoes, causing decks to become leaky, &o. The jib is made to be readily 
unshipped whilst the vessel is at sea, and the crane secured from turning on its post. Hand shafts 
and handles are provided for working the crane by manual power, also chain to reach 20 ft. 
below the deck line. The subjoined list of prices includes 8 ft. of crane poet below floor level, 
and tlie cost is given for any additional length which may be required. 

For boilers suitable to supply steam to one or more cranes, see page • 



Power of the crane 
Diameter and stroke of ^ 

engines, two ../ 

Number of purchases , . 
Radius of jib . . 
Length of crane post ^ 

below deck . . / 

Approximate weight . . 
Price complete, as de- ^ 

scribed .. ../ 

Price extra for exhaust \ 

through post . . j 

Price extra per foot for \ 

post beyond 8 ft. long / 



1^ ton 

5 X 9in. 

Single 
12 ft. 

8 ft 

2 tons 15 cwt. 

£180 

£5 

£0 10 



2 tons 

6 X 10 in. 

Single 
13 ft. 

8 ft. 

3 tons 10 cwt, 

£200 

£6 

£0 15 



3 tons 

7 X 10 in 

Single 
13 ft. 

8 ft. 

4 tons 10 cwt 

£225 

£7 

£10 



4 tons 

6 X 10 in. 

Double 
14 ft. 

8 ft. 



5 tons 

7 X 10 in. 

Double 
14 ft. 

8ft. 



5 tons 5 tons 15 cwt. 



£275 
£8 10 
£15 



£325 

£10 

£1 10 



The STEAM WABEHOUSE HOIST, Fig. 106, page 10, for attaching to a crane or lift, 
combines the most recent improvements made in this c^s of machinery, the loads being 
worked at a very high speed with great safety by a chain coiling on a barrel on the engine 
shaft without any gearing or break. A pair of vibrating steam cylinders proportioned to 
the load and the steam pressure available are coupled at an angle of 90*^ to the barrel shaft ; 
the cylioders are fitted with an improved valve reversing motion, the steam being admitted 
and controlled by a central yalve, which passes the steam to the top or bottom of the 
piston, as may be desired, or shuts it off completely. A rod leading to each floor wher§ the 
lift has to be worked is attached to this valve, and by means of a lever, on any or each IBLoor 
working this rod the operations of lifting, lowering, or stoppuig, are under entire control. 
When the lever is in a central position, the steam is shut off, and the hoist stops ; when raised, 
the load is raised, and when lowered, the load descends ; the speed of either operation being in 
proportion to the travel of the valve. When it is full open, a great speed will obviously be 
obtained, because the chain barrel makes the same numoer of revolutions as the engines. The 
chain barrel being usually about 8 in. diameter, if the engines make 100 strokes per minute, the 
chain will travel at a speed of about 200 ft. per minute ; in practice, however, this speed is much 
exceeded, yet the controlling power is so great that the load can at any moment be stopped 
within an inch of the point required, nor are goods damaged by being seized too suddenly; the 
attendant starts very gently, and immediately the load is hanging clear, he opens the valve, and 
runs up the load at full speed. 

The gear shown in the engraving is only used when heavy loads have to be lifted ; at other 
times it is thrown out by an eccentric shaft in a similar manner to the beck gear of a turning 
lathe ; but as nine-tenths of the loads can be lifted by steam direct, comparatively few are fitted 
with this apparatus, although it is very useful when no other appliances exist for dealing with 
an occasional heavy lift. The steam hoist is bolted to a wall or to the timbers of a lift, the 
chain being led to the crane jib or cage of lift. 

Some improvements having recently been made, this description does not entirely coincide with 
the engraving, but the general appearance is the same, and the foregoing description is correct. 
^ A number of these hoists are frequently used in one establishment, one to each crane, jib, or 
hoist, steam being supplied from a boiler fixed in any available place, such as a Cornish Iwilerin 
a fire-proof room in the basement or a vertical boiler carried on cantilevers outside the building. 
Another neat arrangement is to place the whole of the machinery and boiler on cantilevers outside 
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B Wkralioaa*, diTeotl; below tbe cnme Jib. and forminded b; »n lion honte tram whfoh the 
attendant work* the cnos. Thli •votditnjrommectiaQ between tbe enginA-honMMid nrehanse, 
and rednoM to a verj niiall amoimt the preminm lo be paid Tor fln Inionuioe , bat in lajfng ont 
new bnildingi, the Cornuh bmler knd flre-pioof tocm (faould be adopted. The price of bmlen will 
he foiuidatpp.93to64, Seetianl,BtidofcTMiejibe,pws46, SeotionS. Steam-pipe and brancfa«a 
le eanied taBny bandied &et when well proteelea withoat trouble and with bot Ter; alight 

Pnon, Ac. or Btum Eoma. Fig. 106. 






Poweroforane direct at 49 lbs.) ynrt. 

I Powerof ciauegearedatlSlbak ,. 

iteam / " " 

DiameteraDditroheofcTlinden 6 x 12 in 
Diameter and length of chain I >• „ •>]• i 

barrel // ^ '^ "> 

Price of crane, not geared .. £70 t 

„ „ gear«d „ £90 C 

Approximate weight .. .. I Ion 



IScwt 20cwt. 



X 12 Id. . 
X Se iD. : 



K 12 in. 9 X 15 in. 

>C 86 Id. S X 36 in. 

£90 ' £100 

£120 £130 

t.ltonlScwt 2t0Da 

_l 



£120 
£155 
ZtoiulSoirt. 



Ihsooati^obunaaDdlenn ia not inelnded In tiu piioec above quoted. 
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This syBtem of hoist am be irorked by water or compressed air ; in the former case, a giestei 
area of (he pipes, paseages, &a, m allowed, and wboro a nataral head of water can be obtained, 
or in UrnoB where the high-pressure conatAnt service is in use, a more convenient motor cannot 
be imngined. Compressed air can be osed instead of steam, and it Ijas aome advantages 
over steam or water, there being no loss from condensation noi bursting of pipes from frost, 
&<:., and damage to stock likely to follow. It can, moreover, be auried to an nnlimited distance 
^vithout lusB or inconvenience. For prices and 
description of compressors, see Section 5. 

The special advantages claimed for this 
system ore: high speed and noiseless working; 
great safety and simplioity; all gear brakes 
mid clntcbes being dispensed with, and one 
lever only being used ; aon-liahility to get ont 
of ordsr. 

STEAM WASEHOUKB CBANX. In some 
situations tbe crane. Fig. ]07, is more con- 
venteat than ttiat last described, because 
it can be worked either by hand or steam 
power, the crank shaft being used as the 
band sha^ when the piston rod is discon- 
nected. These cranes are fitted with single 
pnrcliase for loads up to about 1 tou.ancLdonble 
pun;hass gearing fur cranes above that weight. 
The single steam cylinder is of tiie same type 
OB that described for hoist. Fig. 106, and is 
fitted with the same reversing arrangement, 
the crank being kept (rum standing on Its 
dead point by a counterbalance in the ^- 
wbeel rim; or should it stand on the centre 
with a load, it can alwajiB be started by re- 
versing the valve. 

Many hand cranes have been altered to 
work by steam in this maanet, and have given 
good results ; this, however, can only be ob- 
tained with a crane well deseed and mib- FiK 107 
stantiatly built in the onset. 



Fowerofcrane 


10 owl 










Single 


Single 




Double 


Donbte 


Diameter and atroke of cylinder 


6x12 in. 


7 X 12 in. 


8 X 12 io. 


6x 12 in. 


7 X 12 in. 




£55 












Iton 


ItonSowt 


ItonlOcwt 


ltonI5cwi 


2 tons 




50cnb.(l. 


60 cab. ft. 


65 cub. ft. 


70 cub. ft. 75 cub. ft. 



In preparing these prices it has been assumed that a pressure of 45 lbs. per square Inch is 
available, and that ihe height of lift does not exceed 50 H, also that the floor or beam, to 
which the top c^ the crane is attiiched, is not more then 10 ft h^h; these cranes can, how- 
ever, be readily modified to suit other conditions with a slightly iocreaeed cost. 

Cranes of Ulis type can also be worked by water or air, or liy a boiler in which the steam is 
generated by gas, which requires tut little attention, and can be used in places where the 
ordinary steam boiler would not be allowed without a great increase in the premium for Are 
insurance; in Buoh cases, where the work is not couBiderable, and the value of the property 
warehoused is great, the gas boilt-r affords a valuable alternatite. 

For prices of these and other boilers, see Section 1, pages 5S to €4, and crane jibs. Section 
2, page 46. 

STEAK 70inn>BT OSAHES. A great dilTerence of opinion exists amongst the managets 
and foremen of foundries as to tlie system of crane power best adnpted for use in foundries. 
Those advocating the swing crane system nrgc that the man or men engaged to work 
the crane can be profitably employed in asHiating the moulders when the ciane is not in 
use; the advocates for the overhead traveller system, on the other hand, point to the 
advantage of a clear monlding floor, and to the fact that the space within a radius of 8 feet 
frtnn thte centre of each swing crane cannot 1» cccnpicd, and the traveller can carry 
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thd boxes from the outside of the building and deposit them at any place within the 
f^pace traversed, also that it as readily removes the castings to the trimming shop, or takes 
a ladle of metal from the cupola direct to any mould, whikt but few of these operations can 
be conveniently performed by swing cranes. A little consideration, however, suffices to show 
that each system has its advantages, and that the size and design of the foundry buildings, 
together with the work to be performed and the conditions to be fulfilled generally, will, 
in a great measure, govern which system should be adopted. 

Fig. 108 is a good example of a fixed steam foimdry crane. The main framing is 
constructed entirely of wrought iron, the sides being of plates stifibned at their edges by 
angle irons; this construction ia only for the largest sizes, the smaller powers being. made 
with plates having sufficient stiffness without angle irons. The crane shown in the 
engraving has two steam cylinders, with link reversing motions, single and double purchase 
gearing, and the barrel is grooved spirally to take the chain without an overlap and prevent 
the chain surging, return block and double chain, racking in and out motion to the jenny, and 
steam slewing gear. The smallest cranes have one steam cylinder, and are not fitted with 
the slewing gear. All are fitted with hand motions, so that in the event of any accident to 
the engines or steam pipes the crane can be worked by hand power, and tiiUd save a cast. The 
largest cranes have double handle shafts. 

The steam pipe to the cylinders is generally introduced through the top pivot of the crane, 
but in some cases through the bottom pivot ; this, however, should be avoided, if possible ; in 
other cased, where the crane is fixed near a wall, and does not require to swing more than 
about 180°, the steam pipe can be taken to tiie centre line of the crane by a joint^ pipe with- 
out passing through the pivots; this plan was adopted with several large hand cranes to 
which steam was applied, or the boiler may be fixed on a tank or platform behind or at one 
side of the crane and revolving with it. 



Power of crane In tons 

Radius of crane from | 
centre to extreme) 
point . . . . I 

No. of cylinders, dia-j 
meters and strokes / 

Price of crane 

Approximate weight 

mea- 



surement 



3 tons 
16 ft. 

6ixl0in. 

£140 
2^ tons 

j 250 cub. ft. 



5 tons 
18 ft 



10 tons 
20 ft. 



2 2 

5xl6in. ! 6}xl0in. 

£275 j £400 
5 tons j 8 tons 

350 cub. ft.; 450 cub. ft. 



15 tons 

20 ft 
2, 



20 tons 25 touB 



20 ft. 



20 ft 



2 I 2 
6} X lOin. 7} X lb in. | 7} X 10 in. 

£500 £600 ' £700 
12 tons I 15 tons 18 tons 

500 cub. ft 500 cub. ft 500 cub. ft 



TOTTNDBY CBANE TO BE DRIVEN BY POWER. The general form and appearance of these 
cranes does not vary greatly from that illustrated in Fig. 108, the difference being that the 
motive power is given from a line of shnfting, placed overhead in the tie beams or roof instead 
of by steam cylinders on the crane ; the power from this line of shaft is transmitted to a 
vertical shaft passing through the top pivot, and from it the lifting and racking in and 
out motion is obtained; the slewing motion is given by a spur ring fixed to the head of 
the crane, and the whole of these motions are primarily taken from the main t^haft by cross 
and open belts, the levers of which are carried down within reach against tlie wall or column of 
the building, and the crane can therefore be worked from the foundry floor All the motions 
of these cranes are also fitted to be worked by hand power, in case of a strap breaking or 
derangement to the main driving shaft. 

Where a main line of shafting exists, or is necessary in a foundry, this will be found a 
good arrangement, and the price of these cranes is about 5 to 10 per cent, less than steam 
loundry cranes, but where shafting must be specially provided for driving the crane or cranes, 
the cost may be estimated at about equal to those above noted. 

For price of power travellers, see Section 2, pages 63 to 73. 

Hand foundry cranes. Section 2, pages 49 and 50. 

Hand travellers, Section 2, pages 73 to 81. 

8TEAH DEBEICES. The derrick is a very great improvement on the old form of 
quarry crane, the radius and sweep of the jib being altered by a neat mechanical arrange- 
ment invented by Mr. Henderson, of the late firm of Fox Henderson, and used by that firm 
with great advanto,ge in the construction of the 1851 Exhibition in Hyde Park. . It is generally 
termed the *• safety derrick," from the fact that the chain barrel for lifting the load is (when 
tlie radius of the jib is required to be altered) geared up to a fuzee chain oarrel, to which the 
chains to the jib-head are attached; the proportions of this fuzee barrel and the gear are such 
that the strain on the derrick chain ia balanced by the load on the lifting chain ; and if the 

B 2 
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olntehea between tbe engine and the geaz were withdrawn, the load and jib wonld nmadnin the 
fiame poaitioD in wbich they were before the breakage ooouned. Tbe derriokt to whiob we 
liBve referred were, however, onl; for hand power, tmd the next improfement wm ttke intro- 
daotion of steam power for the hfting and turning motiooi. 

The iilnstratioD, Pig. 109, is engraved from e. phologrnph of k derriok deiigned and 
conotrocted for the Moant Sorrel Oranite Companj in LeicetiturBhiie. It ia pn^Ktrtioned to lift 
loads of 10 tons with a sweep of 50 feet, and stands on the ed^ of the qpanie*, which •ro 
upwards of 100 feet deep, and has given exoellent TeanlU. It is seleotad for illnitRttion and 
description as being a recoit and, perhapi, one of the beat examplea «f thi* mart oaeAil type of 



from the engine shan to the first motion shaft b; reversing friction o 
when lifting or lowering, and without atopping or reversing the engines. 

The boiler is placed behind the driver, and ie oarried on a wrought-iron WRter tank, from 
which the feed vntra for the boUer ia supplied, the feed pump being worked from the orank 
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shaft; the bk^ik end of the tanh is etajed to the maat, the boilei ia fitted with all the usual 
moautiu^ and the whole is piotected bfa eomigated iron hoase. ' 

The ttmbers are of b^ piteh pine, the jib ib double, and the back gu.va are truased to the 
sleepers. 

The above deBcription wilt apply ganarally to othei powers, excepting that the smaller 
aizes have one oeoillatmg cjlinder, and Ihe jibs are of a single timber. 

This orane has its own stetun bc«ler, but one boiler is frequently used to drive a number of 
cranes, the steam being brought either through the bottom pivot, as shown in Fig. 110, or to a 
central point of the ciaat, so that the derrick can slew 280° without the cheeks of the mast 



The great area these oranes cnn cover, their moderate cost, and the great height of jib, 
tn<j;ethcr wilh the facility which the construction affords for moving and re..erecting, leuder 
them specially useful to contractors, builders, quarry-mastere, fto. Tne relative value of Bl«am 
as compnied with manual power was ascertained in the use of some band derricks which the 
authors altered to work by steam power, when one crane so altered did aa much work as sir 
band oranes with four men to each. The cost of worfaing the steam crane did not exceed 12s. 
per day ; the total cost of the alteretioiiB was therrfore cleared in a IVtw weeks, to say notliing 
of the immeuBe xdvautage in the saving of time which is obtained. The radius eiven in tlie 
subjoined table is that generally found tisefnl for each size, but it oaji be modified to almost 
any extent desired. 
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Power of crane 
Maximum radius . . 
Number of cylinders, diame-| 

ter, and stroke .. ../ 
Price with fixed jib 

„ derrick jib 
Price extra with slewing \ 

motion . . . . . . / 

Price extra with boiler and \ 

tank . . . . . . / 

Price extra for iron housing 
Approximate weight 

„ measurement 



Ifton 
35 ft. 

1, 6xl0in. 

£190 
£200 



2 tons 
25 ft. 

1, 7 X 10 in. 



2^ tons 
35 ft. 



3 tons 
25 ft. 



1.7x10 in. 1, 7xl0in. 

£190 £235 £235 
£200 £250 £250 

£25 £25 



£70 £75 £75 £75 



3 tons 
35 ft. 

1.7x10 in. 

£300 
£330 

£30 



£15 

4 tons 
300 cub. ft. 



£75 

£15 £18 £18 I £18 

6 tons 
500 cub. ft. 



4 tons I 5 tons 
300 cub. ft 400 cub. ft. 



5 tons 
400 cub. ft 



Power of crane 
Maximum radius . . 
Number of cylinders, diame-1 

ter, and strbke. . . . . / 
Price with fixed jib 

„ derrick jib 
Price extra with slewing \ 

gear . . . . . . f 

Price extra with boiler and| 

water tank . . . . / 

Price extra with iron housing 
Approximate weight 

measurement 



4 tons 
30 ft. 



5 tons 
25. ft. 



6 tons 
35 ft. 



I,7xl0in. 2, 6x10 in. 2.6^x10 in. 

£350 £450 ' 
£390 £490 



£300 
£330 








j> 



£30 



£75 



£18 

6 tons 
500 cub. ft. 



£30 

£80 

£20 

7 tons 
500 cub. ft. 



£35 

£80 

£20 

7 tons 
600 cub. ft. 



8 tons 
30 ft. 

2, 6} X 10 in. 

£450 
£490 

£35 

£80 

£25 

9 tons 
700 cub. ft. 



10 tons 
25 ft. 

2, 7J X 10 in. 

£540 
£590 

£40 

£80 

£25 

12 tons 
800 cub. ft. 



Ghaius to reach to ground line are included in these prices. The cost of packing for shipment 
is 3 per cent. 

Hand derricks, see pages 52 to 54. 

The engraving. Fig. 110, is from a photograph of a 3-ton steam derrick without boiler which 
was used in the construction of the Calcutta Waterworks. 

Several ofi the 8-ton derricks, Fig. Ill, were used in the construction of the harbour works 
at Fiume. Each of these had a fixed double jib, and was fitted with a steam boiler and slewing 
gear for turning the crane. 

FLOATINO DEBBICK8. Fig. 112. The use of these cranes has extended so much during the 
last few years that most dock companies now have one or more for transferring heavy package^ 
of machinery, &c. from barges or railway trucks, and putting them on board vessels alongside 
the quays or jetties in the docks or streams. They are also used for lifting and depositing the 
heavy concrete blocks employed in the construction of breakwaters or for unloading heavy 
goods at foreign ports which do not possess harbour or dock accommodation. The floating 
derrick can be constructed of any power, but that most generally useful will deal with loads 
up to 20 tons, and reach 20 ft. dear of hull, with a clear height of not less than 60 ft. from 
deck to underside of boom. 

These were the dimensions of one designed by the Authors for the East and West India 
Docks, the hull being of iron and rectangular, 70 ft. long x 32 ft beam, with a tower above 
deck of wrought iron, the varying loads being always counterbalanced, thus keeping the 
craft on an even keel. Water ballast had hitherto been used as a counterweight to the load, 
but apart from the loss of time and the cost of flUing the ballast tanks, the water ballast causes 
the vessel or hull to heel over to a considerable extent in the opposite direction before the load 
can be lifted, and does not then act uniformly whilst the boom is being turned round ; further- 
more, it can only be turned through a limited part of a circle with safety. These objections 
are, however, entirely overcome by the use of the self-acting counterbalance adopted in the 
design above referred to. whicli is an essential feature in this design, because the coimterpoise 
is always in proper relation with the load whatever may be the position of the boom. 

TJiP boom or jib can be turned completely round and round like an ordinary pillar crane, 
and as it only projects over the side carrying the load, the derrick will lay between two vessels 
and load into either without fouling tlie yards or rigging of the other. The boom also has a 
racking in and out motion, to alter the radius from 15 ft to 35 ft. Two steam-driven capstans, 
fore and aft of the hull, arc provided for warping up to vessels, hauling barges into position, &c.. 
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Fig. Ill 

and the vessel is aelf-piopellmg bj meaiiB of a pair of tnin screws. The e/ogfaee aod boilen 
are in duplicate, eitbi-r engine or boiler being anfflcient to work the machlDery. Ail the 
levels ore carried up to the platform on the tower, which eiiBblei the engineer to obtaiu a 
oleer view of the hold of a high-aided ebip whilst manipulating the whole of the motiooB. 

The hull hM two water-tight bulkhemiB, dividing the vessel into three oompartmentb : one 
being devoted to the boilers, the centre one to the engines and machinery, and the third gives 
occnmlnodBtion for crew and stores. 

The cost of sach a derrick complete is about £7000, For foreign ports the hull ia 
on1f partially rivefted op, and shippea in seotionj. or the hull oould in manj cases be fitted for 
the voyage out, and the lower, && ereeted at its destination. The foregcang desoriplioii is only 
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intended as an indication of what in practice ib foond nsefol, machinery of this character 
being almost always made to fiipecial 'designs. 

A less costly oonstraction of floating derri(^ bnt one frequently nsed, consists of a strongly- 
built hull widi a pair of fixed shear legs overhanging the stem and tied back to the stem. The 
load is partially counterbalanced by water ballast pumped into and out of tanks provided to 
receive it. If the vessel is fitted with engine power, it is brought into position by twin screws 
driven by the same engines as are used for giving tiie lifting motions, or by power capstans on 
the deck ; but in some cases a floating derrick is so rarely required, that all the work can be 
performed by powerful hand-winches of the type shown in> Fig. 213 or 214, and hand-power 
capstans or a winch similar to Fig. 214 may be driven by a portable engine. 

This construction is inexpensive as regards the first cost, bat the number of hands required 
increases the workmg expenses very considerably. 

POBTABLE STEAK CSAHE8, to work heavy loads up to 15 tons, and at a radius which, to 
be practically useful^ should be from 15 ft to 25 ft. radius, have been but rarely constructed, 
owing to th6 difiiculty which has been experienced in obtaining the necessary stability on a 
narrow gauge of rails. Such cranes can however be constructed to travel on the 4-ft. 8}-in. gauge, 
or even on the metre gau^e, but when at work, the base must be increased by cross girders, sliding 
from the carriage, fastening down or some such expedient. If, however, a crane of this power is 
not required to run with ordinary rolling stock, the widest gauge possible should be allowed, 
when it becomes as easy to make a 15-ton or 20-ton portable crane as one for 5 tons on the 
4-ft. 8J-in. gauge. 

The first cost of these cranes may appear high, but when it is considered that one of them 
will generally answer the purpose of two or three fixed cranes, whidi, with the cost of founda- 
tion* will amount to a large sum of money, the balance will probably be greatly in favour of the 
portable steam cmne, which can move itself to any point where it is required to work, and be 
operated by one man, especially when the cost of labour in each case is considered. 

The foilowiug description will give a general idea of the construction. The crane has a pair 
of steam cylinders with link reversing motions, and the engine shaft is fitted with three sets of 
bevel wheels, each set having reversing clutches and levers for putting them into contact. 

The first set of wheels and clutches gives motion to the slewing or turning of the jib in 
either direction ; the second set is for driving the travelling wheels of the crane, and the 
third set for altering the radius of the jib from the minimum to the maximum radius. 

The set first named is fitted with friction clutches, and the power is taken by a train of 
wheels to two large friction rollers, which are placed at the foot of the jib, and travel on a 
turned path. Both these wheels or rollers are driven and tiie crane jib is slewed simply by 
the adhesion of surfaces; this efiectually prevents the breakage of the gearing, which would 
otherwise inevitably result from, starting or stopping the jib too suddenly. The slewing gear 
has two speeds. 

The second set has toothed clutches, and transmit the. power from the engine shaft to a 
vertical shaft passing through the centre of the crane post to the centre axies of the crane 
carriage, the leading and trailing wheels being coupled by horizdntal shafts and bevel gear ; 
or, if the crane is on springs, the leading and trailing wheels are coupled by pitch chains or 
side rods ; in either case all wheels are drivers. 

The third pair also has toothed clutches, and drives a worm shaft working into a tangent 
wheel keyed on to a chain barrel, to which are attached the guy chains ; these, with the pulley 
block, take the place of the ordinary tie rods, and sufficient power is obtained for lifting the 
jib with or without a load. 

The liftino: gear is single and double purchase, and the cYiains can be made single, double, 
or treble to the jib head, thus giving, in conjunction with the gearing, a great variety of 
powers. All these motions can be worked by hand if desired. 

If the crane is for a narrow gauge, the cross girders in the carriage^ are fitted at their 
extreme end with jacking screws or small hydraulic jacks, and when a load is lifted, a packing 
of timber is placed under the jacks, thus reUeving the road from undue strain, and increasing 
the base and stability of the crane. 

The lO-TOH LOCOHOTIVE STEAH ORANE, Tig. 113, is &om a photograph of a crane 
to travel on 4-ft. 8i-in. gauge, bmlt by the Authors for the East and West India Docks, for 
unloading timber and all kinds of merchandise from large vessels which are a great height 
above quay level when light. 

The crane does not vary greatly from that last described, excepting that the axles are left 
long enough to take a set of outside wheels with plain surfaces or flanged wheels for the purpose 
of increasing the wheel base ; it also has the sliding cross girderj«, and a wrought-iron box for 
carrying counterbalance weight behind the steam boiler. 

The carriage and jib are of wrought iron, and the crane is self-propelling, both pairs of 
wheels being driven. For price see page 21. 
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The 7-TOK STEAK CSAHS, Fig. 114, is the type so largely used iu all parts of the world, 
and selected by the commissioners lor thti international exhibitions in London, Paris, Vienna, 
and Philadelphia, for unloading the heavy packages, and specially for placing in position and 
partially erecting the machinery ; and the duty for which they were employed has in each 
case been performed in such a manner as to secure for the Authors medals of the highest 
class ,* indeed, their cranes were exclusively used at the Philadelphia Exhibition. 

All the cranes of this type, from 3-tons power and upwards, are mounted on strong cast-iron 
carriages, unless an exceptional gauge is required, involving the use of wrought iron. The 
maximum radius at which each crane will lift the maximum load is given ^n the accompanying 
list, and if a greater radius is required for a given load, a crane of greater power should be 
used, but lighter loads than are specified in the list may be lifted at an increa»Bd radius. 

The great advantages derived from the use of steam portable cranes at previous Exhibitions 
induced the British and Austrian commissioners to request Messrs. Afplkby Bbothsbs, of 
Southwark, to supply three cranes for service at Vienna, to lift 7, 5, and 3 tons respeo* 
tively. (See report in Engineering, June 20, 1873.) The largest of these is illustrated by the 
double-page engraving (pages 22 and 23). Some important improvements have been introduced 
since this crane was made, but the general appearance and proportions remain the same. The 
carriage is cast in one piece, the horns being provided with bearings for travelling wheels, and 
bosses for rail clip:s, and there is a turned roller path in centre of carriage. All motions, 
namely, lifting, turning, altering radius, and travellmg, are taken from a pair of direct-acting 
steam cylinders placed slightly at an incline, one outside each side frame. The crank pins are 
fitted into balanced disc plates ; each cylinder has link reversing gear, and the piston rods are 
guided by blocks working in bored guides cast to the cylinder covers. The post is of wrought 
iron turned to fit the revolving bed which carries the side frames. The feed-water tank and 
Tortical boiler are carried from the revolving bed, and are placed at such a distance behind the 
post as to form some ooanterbalance to the load to be lifted. The lifting power is conveyed from 
the crank shaft to the chain-barrel by means of spur gear, and the load may be lowered by 
reversing the engines, or by the brake. The turning motion is obtained through double 
friction clutches, and the crane may be moved in either direction simultaneously with aov 
other operation; this motion being performed by driving the friction roller under the jib 
instead of through toothed gear on the carriage, the risk of breakage is greatly reduced. The 
derrick motion is obtained by a worm and tangent-wheel on the chain-barrel, the worm locking 
the jib in any position. The travelling motion is conveyed from the crank shaft to both axles 
by a train of spur and bevil gearing, one shaft passing down the centre of post. The working 
expenses for these cranes in London are about 12«. a day, the average daily work of a 3-ton 
crane being 300 tons lifted 30 feet and deposited in trucks. 

pBiCES OF Portable Steam Cranes, Figs. 113, 114, and 115. 



Power of crane 


3 tons 




5 tons 


7 tons 




10 tons 


Maximum radius with full load . . 


14 ft. 




14 ft. 


15 ft. 




16 ft. 


Number of steam cylinders, dia- ) 
meter, and stroke . . . . . . / 

Price of crane to lift and turn with \ 
fixed jib / 

Price of crane to lift, tarn, and alter 1 
radius of jib, all by steam . . / 


2,6ixl0] 


in. 


2, 6} X 10 in. 


2, 7} X 10 


in. 


2, 7} X 10 in. 


£400 





£500 


£600 





£800 


£425 





£530 


£635 


9 


£850 


Price of crane to lift, turn, and alter^ 
radius of jib, all by steam,and travel/ 


£450 





£560 


£680 





£900 


Price extra for wrought-iron jib . . 


£8 





£15 0* 


£20 





£25 


Price extra for set of rail clips 


£5 





£6 


£7 





£10 


Price extra for felting, lagging, and 1 
casing boiler .. ../ 


£15 





£18 


£20 





£20 


Price extra for galvanised house . . 


£20 





£25 


£28 





£32 


Price extra for cross girders to in-1 
crease base . . . . . . . . / 


£10 





£15 


£20 





£25 


Price extra for steam donkey pump"^ 
and fittin^rs . . . . / 


£13 





£13 


£15 





£15 


Price extra for injector and fittings 


£8 





£8 


£10 





£10 


Price extra for stoking tools and 1 
fitter's tools / 


£4 





£4 


£4 





£5 


Approximate weight 


lOJtons 


13| tons 


16} tons 


20 tons 


„ measurement 


500 cub. ft. 


580 cub. ft. 


700 cub. ft. 


900 cub. ft. 
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The S-TOK OKAVB, Vlg.US <Ko. 41). ii of ei&otlj the tame dsaiga m Fig. 114, the 
pTOpottioni oDly being diffrrotit; thU crune wai not fltted with self-propelliiig gear, but 
the toTegoiog description will apply genemlly to iL For price eee page 21- 



The S-IOK TOBUBLB 8TEA1I CEAR. Fig. 116, differs mateiiallr bom those last 
reCetred to, uid wm detdgned with a view of producing a craae to perform tlie two functions 
moat requited, thoee of lifdn^c and turning, at the lowest cost coDsistent with strength and 
thorough efBdency ; tbeBe oonditions have been obtained most completelr. and cranes of tbia 
■ — "-- --" ■'-'-1- ' ■ — .-— 1 — — ' - j^y ,i,of]r utiot " ^ ■'-■ 



construction are especially suitable for oimtrai;tor8' use or for any work wuioh does not require 
a variable radius of iib or steam travelling motinns. A reference to the pricos of these, and of 
the type, Fig. 114, shows a wide difference in cost, but apart &OTa this, for Bome Muds of work 
there ia an advantage in the centre of gravity being kept low, and in having nothing to impede 
the view of the driver when working. 

The 5-ton crane has two steam cylinders placed hnrizoDtally on the bed plate, and is fitted 
with casR-hardeued link revereing motions; the lifting gear is single porohnse, the double 
chain and block being used only when lifting the nialimum load. The first motion of the 
slewing gear ia given by double friction clutches, so that the crane may be turned in either 
direction aimultaneoosly with lifting or lowering ; and the power is transmitted by suitable gear 
to the two friction wheels at the foot of the jib. Both of these wheels being driven, not only is 
much greater adhesion obtniaed, but also the wear and tear of the friction wheels and the path 
on which they work is &r lose than in oianes of similar power iu which only one wheel is used. 
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The levers for working the several motions are brought together as shown, and as they all 
move in one direction, the crane is very handy and easy to work. It will be observed that the 
ordinary crane post is dispensed with, and is replaced by a central wrought-iron pin with a 
solid h^, which works on loose washers surrounded by an oil chamber. The lower end of the 
pin is firmly oottered into the crane carriage, so that the strain on the pin is tensile, a principle 
which has been successfully adopted in the construction of cranes of the heaviest kind — up to 
50-tons load, at 35 feet radius. The boiler is fixed on a feed-water tank, and is set back as far 
as practicable from the centre of the crane, and forms a useful counterpoise to the load ; the 
feed pump is wor)ied from the cross head of one of the engines, and the boiler is supplied with 
all necessary furnace and steam mountings, including double safety valves, and Bourdon's or 
other approved steam pressure gauge. The crane carriage for all powers is in one massive 
casting ; the smaller sizes have only one roller under the jib, and usually only one cylinder, but 
they are made with double cylinders at an extra cost of from £15 to £20 ; this >is done by ffxing 
a cylinder at a right angle with the horizontal cylinder, the pistons being coupled to the 
same crank pin, one set of eccentric sheaves and straps serving for both link motions. This 
arrangement is adopted when it is considered essential that light cranes should have two cylinders, 
but experience has amply proved that a single cylinder with large ports is easily handled after 
very little practice, and that there is great advantage in the relatively large wearing surfaces of 
the single cylinder as compared with those of two smaller cylinders. Probably the total economy 
will be in favour of the single cylinder for small cranes, the main question being rather low cost 
of maintenance than some possible saving in consiunption of fuel. 



Pbices of Pobtable Steam Cbanes, Fig. 


116. 




Power of crane 

MAYimum rfidiiifl with mf^Tirnnm \ 

load .. .. .. ../ 

Nmnber of cylinders, diameter, and I 

stroke .. .. .. ../ 

Price of crane to lift and slew 
Price extra if with two cylinders . . 
Approximate weight 

„ measurement 


liton 
12 ft. 

I,7xl0in. 

£250 
£15 

6 tons 
300 cub. ft. 


3 tons 
14 ft. 

I,7}xl0in. 

£300 
£18 
7 tons 
400 cub. ft. 


4 tons 
14 ft. 

1, SxlOin. 

£350 
£20 
9 tons 
450 cub. ft. 


6 tons 
14 ft. 

2, 7x10 in. 
£425 

11 tons 
500 cub. ft. 



For prices of housings, &c., for cranes, see page 21. 



LOCOMOTIVE STEAM CEAITES OK FEBMAHEHT-WAT CABBIAOES, Fig. 117. The 
superstructure is the same as is described and illustrated. Fig. 1 14. The carriages are, however, 
of different design, and are constructed to run at high speeds with ordinary rolling stock, as 
required more especially by railway companies. The use of these cranes is now becoming 
very general, and they are rapidly superseding the hand cranes hitherto employed for special 
service, or for breakdown work. 

The engraving of this crane is reproduced from that which appeared in Engineering, 
September 10, 1875, with the following descriptive matter : — 

** The locomotive steam crane, illustrated on the preceding page, and built for the Midland 
" Bailway Company, carries a load of 5 tons. The travelling motion can, however, be thrown 
** out of gear, and the crane, being securely locked, can be attached to a train for travelling to 
* any part of the line where its services are required. The cylinders are fitted with link 
" reversing gear, and the several motions are transmitted from the engine shaft ; there are four 
** speeds of mting, and the load can be lowered either by the brake or by reversing the engines ; 
** the turning motion is effected through double friction clutches, and suitable gear which 
'* drives a wide roller immediately under the jib, and this operation is performed in either 
" direction, and simultaneously with any of the others, and being obtained entirely by the 
** friction of surfaces instead of by toothed gear on the bnse-plate, 3ie risk of breakage arising 
•* from stopping or starting too suddenly is entirely avoided. The derrick motion for altering 
" the radius is worked by worm gear and a pair of chains, one end of which is attached to the 
" crane-frames, the other end coiling round the derrick barrel. The travelling motion is 
" obtained by a shaft passing through the centre of the crane-post, and driven from the crank- 
" shaft, the lower end of this vertical shaft giving motion to another shaft fixed horizontally 
•* under the crane-carriao^e, and in order to allow of the deflection of springs, the power is 
*' transmitted through pitch chains from this shaft to botii travelling axles. The crane is 
*' mounted on a wrought-iron carriage similar in all respects to the ordinary permanent-way 
" btock, and it is used at the oompany'« shops at Derby, or is sent to different parts of the line 
•* where lifting power is required. The jib is curved in order to give sufficient clearance for 
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lifting large logs on to trucks, for stacking timber, &c., or even to lift a disabled track and 
place it on a goods wugon. We understand that several cranes of this type have been 
delivered to the Midland RaUway Companv, or are now in course of construction, and it 
would certainly appear that great economy, both in time and labour, would be obtained if a 
few cranes of this type were used, instead of a far larger number of fixed or permanent-way 
hand cranes which are now so generally used, many of them at stations where they are not 
employed half a dozen times in a year. In the event of an accident on the line there can be 
no question that the rapid working of steam as compared with hand power, would greatly 
reduce the time required to clear away dibria, and possibly might thus mitigate much suffering 
caused by accidents to passenger trains." 
For prices, &c. of these cranes, see list below. 

The crane, Fig. 118, of 3-tons power, was constructed for the Finland States Railways, the 
variation being only in the jib and the general proportions. A crane of this type was also 
selected by the commissiooerB for the Philadelphia Centennial Exhibition for use in the 
American section. 

Pmcb Liot op Locomotite Pbrmanent-wat Steam Cbaites, Figs. 117, 118. 



«« 
«i 

«i 

u 
il 
t( 
il 
t( 
«( 



Power of crane 3 tons 


■ 5 tons 




7 tons 




10 tons 


Number of cylinders, diameter, and) g GJxlOin. 

stroke . . . . • . • • / * 


2, 6ixl0: 


in. 


2, 7} X 10 


in. 


2, 7} X 10 in. 


Maximum radius with full load . . 


14 ft. 


14 ft. 




15 ft. 




16 ft. 


iPriee of crane to lift and turn 


£160 


£610 





£690 





£1000 


Price of crane to lift, turn, and \ £^g^ q q 


£640 





£725 


£1050 1 


derrick / 














Price of crane to lift, turn, derrick, \ 
and travel.. / 


£510 


£670 





£770 


£1100 














Price extra if fitted with handles \ 
for hand / 


£5 


£5 





£10 





£10 














Price extra for set of rail clips 


£5 


£6 





£7 





£10 


Price extra for felting, lagging, and) 
casing boiler / 


£15 


£18 





£20 





£20 0^ 














Price extra for galvanised iron house 


£20 


£25 





£28 





£32 


Price extra for sliding cross girders 


£10 


£15 





£20 





£25 


Price extra for straight iron jib . . 


£10 


£15 





£18 





£20 


Price extra for curved iron jib 


£15 


£20 





£30 





£40 


Approximate weight 


12 tons 


15 tons 




18 tons 




23 tons 


„ measurement 


600 


700 




850 




1050 



The above prices include springs, buffers, draw-springs, couplings, safety chains, wheels 
and axles of best make, brakes, Ac, as shown. The 10-ton crane has a six-wheeled carriage. 

The PORTABLE ENGINE WITH HOISTING GEAR AND CRANE JIB, Fig. 119 (No. 13), 
has been designed specially to fulfil the requirements of builders and contractors more com- 
pletely than an ordinary portable engine. The first cost of these engines is but little in excess 
of the ordinary portable engine, and they have been used for several years past in the con- 
struction of some of the best organised public works in Great Britain and the Colonies. 

If it is essential that the motive power should be used for driving machinery continuously, 
whilst the lifting motion is only used intermittently, as shown in the outline engraving. Figs. 
120 and 121. the engine should be fitted with governors, and the lifting motion driven by 
friction gearing or spur gearing put into motion by a friction clutch. 

The advantages of this arrangement have been amply proved on the extensive harbour works 
carried out under Sir John Coode, C.E., in the Isle of Man. Jersey, South Africa, &c., where 
engines of this type were used to drive the stone breakers and concrete-mixing apparatus 
required for making the concrete blocks, and at the same time lift the materials to supply both 
machines. 

In the formation of the Metropolitan and St. John's Wood Railway several of these engines 
were worked in the centre of the St. John's Wood Road, and although at certain times of the 
day it is much crowded with carriage traflBc, no inconvenience was experienc<^d. The mode of 
working adopted by Mr. Kagles, who superintended the work on behalf of Messrs. Lucas and 
Aird, was as follows. The excavation being in open cutting to an average depth of about 
30 ft. below the road level, and, as already stated, in the centre of a busy thoroughfare, it was 
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necessary to complete the tunnel below and make good the surface as quickly as possible. The 
work was therefore taken in short lengths, the engine being on a line of rails laid on timbers 
oyer the excavation, which was in sand; the sides were timbered, and the timbering was 
removed for subsequent use, as the work was completed and filled in. The engine and a 
mortar pan were fixed on a timber frame with wheels to run on the rails over the cutting, and 
being fitted with frictional gear, it was used for lifting the excavated stuff from the cutting 
below and tipping it into carts for removal ; and at the same time it was drivinti: the mortar 
pan continuously, which prepared the mortar required in the construction of the brickwork of 
the tunnel. 

The total working expense of the engine whilst performing the work above described, 
including fuel, wages, oil, &c., amounted to 178. 5d. per day, or, including depreciation and 
interest on plant, about £1 per day. 

The following data have been kindly supplied by Mr, Maxwell, C.E., under whose superin- 
tendence the River Medlock Improvements were carried out in 1868 and 1869. The duty 
performed by one of these cranes with spur gear was 565 tons lifted 33 feet high, in turnover 
skips, and discharged into carts, in a day of ten hours, the total working expenses beinor, for 
fuel, wages, oil, &c., depreciation, and interest on plant, 138. per day, or equal to about 
one-third of a penny per ton lifted 33 feet high. 

When fitted wiii broad wheels, locking fore-carriage and shafts, as shown in Fig. 119, these 
engines are as easily moved from place to place as an ordinary portable engine, and an arrange- 
ment is provided for securely locking the Iront axles rigidly to the frame whilst the engine 
is at work ; if required, they are made with small plain wheels at each end, without locking 
plate, &c., or with single or double fianged wheels, for 4-ft. 8J-in. or other gauge. 

The jib will describe alwut three-fourths of a circle, and pulls round very lightly by hand, 
the man stationed to tip the buckets and do the trimming in the carts pulling it round by a 
rope to the jib head. The starting valve, clutch levers, foot brake, feed pump, &c. are all 
brought together, so that one man can easily work the crane. 

The frame is of wrouglit iron ; the pedestals have gun-metal bearings, and the fly-wheel is 
made wide on the face and turned so as to be available for driving any kind of machinery by a 
strap, and the shaft is long enough to take an extra pulley. 

Each crane is provided with a chain of suitable length to reach 20 feet below ground-line. 
The end of the chain barrel shaft is left long enough to take a pumping arm for working 
pumps, &c., and they have been fitted with large drums for wire rope inside or outside the 
framing. 

The engraving. Fig. 123 (No. 15), shows a crane of the same type, but of 3 horse-power, and 
to lift 5-cwt. loads at high speed. 

HoisTiNa Engines, Figs. 119 and 122. 



Nominal Horse Power 
Diameter of Cylinder 



tons 



Price, without wheels and axles) 
^for fixing on brick or timber) j 

Price, with plain or flanged wheels | 
for tram or rails (without shafts > 
and locking-plate) .. ..I 

Price, with roeui-wheels, shafts,) 
and locking-plate . . . . I 

Extra for governors and expan-l 
sion-valve .. .. ..I 

Extra for link-motion reversing) 

SGSmX •• •« •• **y 

Extra if fitted with frictional gear 
Extra for felting, lagging, and 
covering boiler with sheet-iron 
Extra for skeleton roof . . 
Extra for packing for shipment . . 

Approximate weight . . Tons 
M measurement ..Cub. ft. 



SiNOLB CtLINDEB. 


Double Cylindeb. 


3 
51" 


4 
6J" 


6 

7i" 


8 
9" 


12 
11" 


6 
5i" 


8 
6J" 


12 
7i 


180 


218 


249 


282 


352 


275 


343 


397 


185 


223 


255 


289 


360 


281 


350 


405 


190 


228 


260 


295 


370 


286 


855 


415 


10 


12 


13 


20 


25 


15 


20 


25 


7 


8 


10 


11 


12 


15 


18 


20 


5 


7 


9 


11 


13 


9 


11 


13 


10 


12 


13 


15 


16 


13 


15 


17 


8 
6 


9 

7 


10 
8 


10 
9 


10 
10 


10 
8 


10 
9 


10 
10 


3i 
200 


4} 
270 


5 

380 


7i 
450 


550 


4 
350 


7i 
450 


81 
550 
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I, fitted with frictional gear for 




Plan ahowing an engine of the type, Fig. 119 (No. 13), working a small plant of bnilder'a 
maohinery by a line otHliafl fixed on acou^BOf timbers, and driving a mortar mill, saw bench, 
grindgtone, and pooipa. The engine can at the same time be made available for hoiating 
materiaU on the bnilding in coarse of eieotiac, as BhowQ in Fig. 120. For price, eee page 31. 
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Fig. 122. 

RTBKAULIC CSAKES. The use of hydraalic power for woiMng cranes, hoiatfl, enginsB as 
motors for capatana, opening and cloaing dock gatea, awinging bridges, 3k^ !b bo general, 
ttnd BO weil understood by enguieera, that it will he imnoceaBsry to deBCiibe the B^Etem in 
detail ; tbe foUowiog brief deaoription may, however, enable the non-prectioal reader to form 
BD opinion whether it ia adapted for any special object be may have in Tiew, whether for docks, 
tailway depots, warebouaes, or establLshmente of a Bimilar cbaractei. 

Assuming that it has been decided to adopt tile liydraiilio aystem, it ia dpeii»ble, but not 
easential, that tlie buildings to contain the engines, boilers, and aecumplatora, should be aa 
central as poeaible, and these should all be proportioned to the present and proepedive magni- 
tude of the works, or apace should at all eTcnts be allowed for the probable duplioatiou of 

The boilers are uanally of the Comisb type, and each of the engines is fitted with a double- 
acting hydrauUc pump coupled directly to the end of the piston-rod, and each pump forces the 
water into au acciunulator. 

The accumulator is a vertical cylinder, which is proportioned in diameter and height to the 
number and power of the cranes or other machines 1» be employed. This cylinder is fitted with 
a leather collar or gland, ihrougli which worka a rani or plunger with a massive erossbead on 
the upper end, to which ia attached an annalar weight case surrounding and sliding ovec the 
above-named cylinder. The weight case is filled with ballast until the total weight on the ram 
is equal to (osually) TOO lbs. per square inch; water is then forced into the cylinder or accu- 
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mnlator by the hydianlic pumps, until the ram, loaded as above described, reaches the top of 
the accumulator. At this moment a self-actine arrangement arrests the motion of the engines, 
but immediately the ram begins to deficendC in consequence of some of the stored power 
haying been used, the eugines and pumps are set in motion automatically, and the lam is 
again lifted. 

It will be clear that the water contained in the cylinder (so long as the weight case is 
sustained by the ram) will be under the pressure due to the area of the ram and the load on it, 
and that all the mains taken from this cylinder or accumulator will likewise be under the same 
pressure (assumed at 700 lbs. per square inch); the mains and branches may be taken to 
almost any distance, with no loss excepting that due to friction, and as the quantity to be 
passed is small, if the mains are a reasonable size, this amounts to yery little; if, howeyer, the 
mains are carried to a great distance, an accumulator should be placed at both ends of the works 
(the mains are frequently carried three to four miles), and small branches are taken from the 
main pipes to supply cranes, hoists, hydraulic engines, &c. at any point where power is required. 

It will be well to bear in mind that, as the cylinder must be filled every time it is used, 
exactly the same power is expended in lifting the empty chain as is required to raise the maxi- 
mum load the same height, and that true economy wul be obtained by adopting the treble ram, 
or some similar expedient* for all loads above 10 cwt. ; the first cost is of course somewhat 
greater than if the single ram is used, but it will be amply repaid in the lower working expenses 
due to the lower consumption of power. 

Engravings and descriptions of a few of the cranes used in connection with this system are 
given in the following pages, and instances will be referred to where a natural head of water has 
been used with great advantage and economy. 



HTDEAULIG FIXED WHABF or PILLAB CRANE. The 20-ton crane, Fig. 123, em- 
bodies many improvements, and gives a general idea of the construction adopted for all sizes 
and for all sweeps. The chief improvement is that the crane is entirely self-contained, the 
whole of the machinery being carried within the crane structure, obviating the necessity of 
costly foundation pits dose to the crane, and saving the immense ground space occupied by 
cranes of the old construction, in which the cost of foundations is often equal to the cost of the 
crane and that of the whole of the machinery ; the valve gear being on the crane also simplifies 
the construction. 

• The crane is fitted with three lifting cylinders, giving three lifting powers, for 7, 14, and 20 
tons ; for the lowest power only the centre cylinder is used ; for the second power, the two outer 
cylinders without the centre one ; and for the full power all three cylinders are used. Another 
advantage in this design of crane is that, the cylinders being vertical, the use of a cylinder to 
overhaul the lifting cylinder is avoided, and a much lighter ball can be used on the lifting chain ; 
the slewing cylinder is double-acting, and will slew the jib a complete revolution. 

The crane jib is constructed chiefly of wrought iron, and can either be raised on a wrought- 
iron pedestal, as shown, when a great length under the jib-head is desired, or sunk in a 

pit of masonry. 

Hydraulic power can be fitted to the Fairbaim cranes, Fig. 101. 
Hydraulic hoists and lifts, see pages 96 to 99. 
Hydraulic engines, see Section 1, pages 52 to 54. 

Pmce List of Hydraulic Whabp ob Pillab Cranes, Fig. 123. 



Power of crane 


3 tons 


5 tons 


10 tons 


15 tons 


20 tons 


Radius of jib 


14 ft. 


16 ft. 


18 ft. 


20 ft. 


25 ft. 


Number of powers . . 


Single 


Single 


Double 


Double 


Treble 


Price of crane exclusive of > 
pedestal foundation ../ 


£300 


£500 


£750 


£1000 


£1500 


Approximate weight 


5 tons 


9 tons 


18 tons 


25 tons 


30 tons 


,, measurement 


700 cub. ft. 


1000 cub. ft. 


1500 cub. ft. 


1800 cub. ft. 


2000 cub. ft. 



The measurements are given supposing the cranes to be rivetted up ; for shipment they may 
be sent m sections, and thus reduce the measurements. 

Cranes of a similar type, and made very light, are much used for discharging coals, &c. from 
ships and steamers. These are fitted with a simple apparatus for weighing the coal lifted, the 
talley being kept by the crane man, or by the man tipping the buckets, but if the weighing-in is 
not required, the crane can be fitted with self-discharging buckets. The buckets or skips for 
discharging coal usually contain half a ton, that being found in practice the best size to use in 
the hold. For illustrations of skips, see Section 5. 
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nrDEFEin)EKT HTDBAXniG PLATFOBM CBANE. A very simple and inexpensiTe form 
of independent hydraulic platform crane is made for lifting loads up to 30 cwt. a short distance, 
such as would be required for transferring goods from railway waggons on to the platform of a 
goods shed, or direct into vans or carts. The cylinder forms the column or crane post, and it is 
turned by hand power. These cranes are used at small stations, where an engine is constantly 
at work pumping water for the locomotives ; and the same en^ne is utilised to drive a small 
pump in connection with a cheap form of accumulator of sufficient size to work one or two 
cranes only. 

The price of one crane, pump, and accumulator, is £180. 

The price for two cranes, with pump and accumulator, is £250. 

HTDBAUUG WABEHOUSE CBANE, Fig. 124. These cranes are usually fixed against the 
outside wall of a warehouse to a timber framing, as shown by the side and end elevations, and in 
connection with a swing crane jib on the outside of the warehouse. The jibs are frequently of 
greater sweep than that shown, built up of plate and angle-iron, and fixed in a centrcU position 
between two tiers of doors, one crane being thus made available for both sets of doors. The 
top pair of cylinders shown are used for slewing or turning the jib, and the bottom cylinder and 
ram for lifting the load. The illustration is taken from a number of cranes constructed and 
erected in an extensive range of wool warehouses in the East and West India Docks. 

As these cranes are required of all powers, height of lift^ and radius of jib, it is impossible 
to make a complete price list, but the prices of the cranes in question are given with and 
without slewing gear. 



Power of crane .. 

Height of lift .. 

Radius of crane jib 

Price without slewing gear 

Price with . „ „ .. .. .. .. ., 

Approximate weight of each 

„ measurement of each .: 



12 cwt. 

28 ft. 

6 ft. 

£125 

£165 

2 tons 

80 cubic ft. 



20 cwt. 

28 ft. 

6 ft. 

£150 

£200 

2^ tons 

100 cubic ft. 



Prices, &xs of hydraulic lifts and hoists, see pages 96 to 99. 
Prices, &c. of crane jibs, see pages 46 and 47. 

HYBBAUIIG POBTABLE CRAKES are practically as yet a thing of the future, but the 
Authors have reoentiy taken out letters patent for a crane which will probably to a great extent 
take the place of the large number of fixed hydraulic cranes now required wherever the 
hydraulic system is adopted. 

To carry this system into effect, the pressure mains will be laid in the centre of a line of rails, 
or parallel to it on one side, and a simple form of high-pressure hydrant will be fixed at any of 
the joints, which will be at convenient distances apart. The atme will have a corresponding pipe 
connection, which, when attached, will force inwards the valve of the hydrant, and, when dis- 
connected, this valve will come back to its seat and retain the pressure in the mains. The pipe 
can thus be taken through the crane post in the usual manner to the cylinders for lifting and 
slewing. 

Another method is adopted when the crane is required to be in motion on the rails at the 
same time as it is actually in work. The connection between the hydrants on the pressure 
mains and the crane would then be made by a flexible tube, fitted with a self-coiling and 
uncoiling apparatus. This system is equally adapted for working hydraulic or compressed-air 
travellers, single-rail cranes, &c. for use in workshops, warehouses, and goods stations; and 
it will be evident that such a system gives great facilities for concentrating the lifting power at 
any given point, and fewer cranes being required will, at the same time, effect a great reduction 
in the cost, compared with a fixed plant of machinery to do the Bame duty. 

HAHD-POWES EIXEB CRANES. The same general construction and arrangement is 
adopted for all powers, from 2 to 30 tons, the proportions only being varied for each power ; and the 
working parts are so clearly shown in the accompanying engravings that a detailed description 
will be unnecessary. 



Fig. 125 is a 15-ton crane. 
Fig. 126 is a 10-ton crane. 



Fig. 127 is a 3-ton crane. 
Pig. 128 is a 2-ton crane. 



All these cranes have solid wrought-iron pillars, and are fitted with gearing of the most 
careful construction, proportioned to lift the maximum load with a moderate expenditure of 
power on the handles. 
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Fig. 126. (i^r pricet, »ee paget 10 and 11.) 

Too maeli care amnot be taken with the gearmg of liand cruiies. although the reverse is too often 
^a case, and it is not nnusual to find a power nrane with properly torraS toothed gearing, good 
earingg, &a., everything, in fact, to reduce the friction to the lowest possihle limit, whilst hand 
ranca will have badly constructj'd gearinjr, indifferent bearing surfaces, and allogetliir made aa 



HOISTING MACHlNERY.-SEcnoN a. 



(For price), lee paget 40 and 41,) 

it of power availablo with hand labour renders it imperative 
oe laEen to m&ko it as productivo as possible. Witli this view aii me aiiaiia jiave enn-meiDi 
bfaringB of good length, fitted with loose i^ps and bolls, and lock-nuts where pntcUcsble. Tile 
ciBiies for 25 to 30 tons have treble-purchase gearing, and the chain can be used with a ane:le 
Bheave block and treble chain, treble-purchase slewing gear, screwed chain barrel, iiidion sheave 
at foot of jib and tack of poet, snd double timber jiW. The cranes from 10 to 20 tons Lave 
dooble-pnichase lifting and slewing gear, and lift the mitximDm load with block and double 
chain. Mction wheel at foot of jib and back of post, and the jibs are of a single timber. See 
Fig. 125. 

The cranes from 5 to 8 tolls have alsi double-purchase lifling gear, double slewing gear, 
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Fig. 127. 

fiietion wbeel at foot of jib. but not at bsok of post; they lift tbe fall load wilb Tetum chain, and 
have single timber jiba. The 3-ton and 4-ton cranes. Pig. 127, hove donble-purchase gearine, 
lifting the loads with single cham, but no frictton rollers at foot of jibs, nnd the slewing gear is 
ungle purchase. The 2-toD ciane. Fig, 123, is as described for 3 and 4 ton^ bnt withont 
slewing gear. 

All sizes are fitted with wood-lined strap brake, pawl and ratchet wheel on the second-motian 
abaft, ^ving ample power to hold tbe Inod suspended in safety, or to lower it under full cominand 
by tbe brake. Tbe chains are of the best tested ahorl^link kind, reach 15 feet below ground- 
line, and ore properly proportioned to the power of the craue. The running block (when oaed), 
ball and hook or ram-head, fotindation bolls, and bottom toe-plat«s, for pillar, in short, every- 
thing to render tbe crane oomplete, ready for fixing, is supplied and included iu the prices 
quoted below. 



Power of crane 


2 tons 


3 tons 


4 tons 


."itons 


6 tons 


Stone 


BadluBOfjib 


12 ft. 


14 ft. 


14 ft. 


14 ft. 


15 ft. 


16 ft. 


Powers of lifting gear 


Double 


Double 


Double 


Double 


Double 


Double 


Single, double, ot treblel 
nhain / 


Single 


Single 


Single 








Single, double, or treble! 














slewinggear .. ..j 














Double or single jibs .. 


Single 


Biuffle 


Single 


Single 


Single 


Single 
£250 


Price ot crane 


£80 


£120 


£140 


£160 


£190 


Price extra if with iron jib 


£5 


£6 


£7 


£8 


£9 


£10 




SJtons 


SJlons 


4itons 


5 tons 


6 tons 


8 tons 




120 cub. ft 


leOcub.fL 


laOcub.ft 


210oub.ft 


250 cub. ft. 


3U0cub.ft. 
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Power of crane .. 

Ettdiusofjil. 

Powers of lifting gear .. 

Single, double, ot treble! 

SingleTdouble, oV Irebiel 
slewing gear .. ..J 
Double or Bingle jibs .. 
Price otorane .. 
Prite extra witli iron jib 
Approiimute weight 


10 tons 
16 ft, 

Double 

Single 

£15 

10 tons 

350 cub. ft. 


15 tons 

16 It. 
Double 

Single 

£450 

£20 

15 tons 

400 oub. ft. 


20 tons 
IS ft. 
Double 

" 

Single 

£G<JU 

£30 

20 tons 

450 oub. ft. 


25 tons 
20 ft. 
Treble 

Double 

£700 

£40 

25 tons 

500 cub. ft. 


30 tons 
25 ft. 
Treble 

Double 

£85(1 

£50 

SO tons 

eoocnb.n. 



The first four aizea, 2 to 5 tons, can be made witli slewing geiLr at & 

}ted to suit timber jetties or piers 
-The cost of packing for stiipiuent is t^om 3^5 per cent 
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KUTOJOWXB BEIPB DECK CBAHI. Tbetto cranea &re of the same pattemi ae Fig. I2S, 

eioeptJQg tliat for lue on board ship, it round oak jib is preferred to the ii-on Jib showo, as 
beiUK iDOro rt^dily ahipped and unflliipped ; and as tliia is generallj dnne each voyage, a. handy 
attaohment of tho tie rods to tlie fnimo is provided for Uie purpose. The wtought-iron pillar is 
made to extend 8 ft. below deuk-line ; the caat-tron baee plate is a special pattern, enitable for 
bolting to the ship's dock, aod a toe-plate is provided for the bottom of the post ; cbain of suitable 
Htren^ to reach 20 ft. belun deok-lirie, nitb book and cast-iron ball, is sent with each crane. 
Thepoat can be made longer nhcn deeited. 

The usual sizes are 2 and 3-toa cranes, and the prices are the sama as quoted for wharf 
cranea, paee 40. 

Sliip a lianil winches, see page 141 1« 145. 

Ship's steam cranes, see pages t< and 'J. Ship's titeam winches see pagee 126 to 141. 



Pig. 129, 

The FIXED CEABBS, Fi?. 129, hive been designed with a view of rednrang the coat 
without sacrificing the general efficiency referred to at page t and this ia att&ined by filing 
the lifting gear to the jib and using wrought-iron ties, as shown, to onnnect the revolving bed 
and top cap, thus dispensing with side (Vames. 

The crane, Fig. 129, is of 5-tnns power: the lifting and slewing gear ia the sune as ia naed 
in the cranes described at page 39, hot it is carried in caatinga firmly secured to tho jib aa 
shown; the bearings era of eitra length, bored out, but not fitted with opfln gun-met*! bearings; 
they can however be bushed with gnn-metalattheextracoetstatedinthelistofpricea. Thejwat 
ia of harnmered scrap iron of ample section to carry the load with safety; the base plate is a 
maaaiie casting, and a toe-plate of the same Bize is provided to take the toe of the post or 
pillar; also foundation bolts, passing through both the plates in order firmly to bind together 
the foundations. These may be in masonry, brickwork, or good ooncrete. 

Chains, hooks, balls, Hn'd return block, where reijuired, arc included iu the prices. These 
oraaes are made iu the following sizes : — 



HOISTING MACHINERY.— Section 2. 



Power of oraiie 


3 tons 


*ton9 


5 tons 


6 tana 


8 tons 


10 tone 


lUdiTUotjib 

Single or double pnrohase 


lift. 


lift. 


14 ft. 


15 ft. 


16 ft. 


16ft. 


Double 


Double 


Double 


Donble 


Double 


Double 


Single or double imichaae 1 
Singir^r* l^le ' lifting | 














Single 


Single 


Double 






Treble 


Price of crane 


£90 


£105 


£120 


£150 


£200 


£275 


Price eitra if braes-bmihed \ 


£3 


£4 


£5 


£6 


£8 


£10 


bearingH .. .-J 














Approiimate weight 

„ measurement 


3tonB 


4 tons 


4§ tons 


5 tons 


Ttona 


9 tons 


120oub.a 


160eab.ft 


210cub.ft 


250cub.tt. 


S00cnb.ft350oub.ft. 
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IHDSPXNBSKT WHIP CSAHE, Fig. 130 (No. 3). This crane was constrncted for the 
Central Argentine Railway, where the goods sheds were lofty, and the roofs so light in con- 
struction that no support could be obtained at the top ; but it is equally suitable for docks and 
other places where light weights have to be lifted quickly. 

It stands quite independent of top support, swings completely round, and is fitted with three 
purchases or speeds of lifting, break apparatus, &c. Weights up to about 5 cwt. are lifted 
quickly by pulling directly at the rope ; for working loads up to 1 ton, the handle is put on the 
rope-barrel shaft, and, for heavier loads, on the pinion shaft. 



Power of crane 
Radius of jib 

Clear height of lift 

Price of crane complete 
Approximate weight of crane 
„ measurement 


1 ton 
12 ft. 
10 ft. 

£50 

2 tons 
80 cubic ft. 


2 tons 

12 ft. 

10 ft. 

£60 

2} tons 

85 cubic ft. 


8 tons 
12 ft. 
10 ft. 
£70 
3 tons 
90 cubic ft. 



Prices include chain to ground-line, ball and hook, hauling rope, and foundation bolts. 

The WHIP CSAHE, Fig. 131, has lifting gear of the same construction as that shown in 
Fig. 130 ; but this crane is supported above, and is not made independent of top support. The 
upright and jib are of pitch pine timber, with cast-iron shoes top and bottom, wrought-iroa 
pivots, and square cast-iron plates for fixing to fioor and beam. The jib is fitted with cast-iron 
oracket and jib-head, and wrought-iron tie rods to the top pivot casting. Each size is complete 
with chain, hook, and ball. Cranes of this-type are used very extensively at small goods 
stations, and for short lifts, such as are required on a goods platform. A better and cheaper 
form of hand crane can scarcely be desired. The form of jib gives good clearance for bu&y 
packages. 



Power of crane 
Radius of jib 

Height of lift of chain 

Price of crane complete 
Approximate weight . . 

„ measurement .. 


Iton 
12 ft. 
10 ft. 
£35 
l^ton 
80 cubic ft. 


2 tons 
12 ft. 
10 ft. 
£45 
If ton 
85 cubic ft. 


3 tons 

12 ft. 

10 ft. 

£60 

2 tons 

90 cubic ft. 



EAim-POWES WABEHOnSE CRAKES, Fig. 132 (No. 71). The general arrangement of 
cranes of this class, and the position in which they are fixed in a warehouse, is clearly shown in 
Fig. 132. It is, however, desirable, where possible, to place the lifting gear on the floor below 
that on which the jib is fixed, as this gives *' a better lead " for the chain on the chain barrel. It 
can also then be fixed close up to the wall, and not occupy so central a place in the warehouse, 
which is often valuable space. 

The whole of the gearing is carried on two cast-iron stanchions, provided with bearings for 
the reception of the various shafts, the bearings being of gun-metal, with loose cap and lock-nuts. 
Two speeds or powers of lifting are shown in the engraving, both of which are single purchase, and 
this arrangement is frequently adopted for light loads and a high speed of wormng ; but the 
heavier cranes are fitted with single and double gear, the pinions being made to slide in and out 
of gear with a hand lever. The barrel is of large diameter, to reduce the wear of the chain, as 
well as all the carrying pulleys in the wall carriages and jib ; the barrel is fitted witli large strap 
friction brake for lowering, a rope and lever, admitting of the brake being applied from any 
fioor ; the handle shaft is fitted with a heavy fly-wheel and two handles. 

Where a quantity of goods has to be lowered from upper floors, these cranes are fitted vnth 
a self-acting apparatus to run up the chain ; this consists of a counterweight, sliding in a 
wooden casing against the wall, and a chain from it is attached to a fnzee sheave on the end of 
the barrel shaft. This sheave is fixed to the shaft by a clutch (when it is required for lowering 
only), and as the load on the crane ascends, the lifting chain runs off the barrel, the chain of the 
counterweight being at the same time wound up, and the counterweight is thus lifted*. When 
the load is removed and the brake eased ofi", the counterweight runs up the chain ready for 
lowering the next load. As the crane man has only to raise a heavy weight (such as a hogshead} 
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a few inoheH, anfflcient to dear the floor and awing oTit, one attendant will lower oat a preal 
quantity of merchandiBe with a enure provided with this apparatus. 

The prices given are for Btftnchinna 10 ft. high, a lift of 40 ft., and the jib of 6 ft. 
radius, witli chain, &o. complete. But these conditions are coutinuully altering, the lift often 
being TO ft,, and the jib 10 or 12 ft, ; the list of prices mast therelbre only be regarded rb 
applying acouratcly to the proportions givsn. These cranes are frequently fixed on the diK' 
charging side of warehouses, the goods being lilted by steam or hydraulic cranes ; the; then foiiii 
B useful adjunct to the cranes. Figs. 106 and 107, pages 10 and II. A cheaper crane oan be made 
by using a crab winch (see Figa. 216 b> 220, pages 111 to 149) in connection with the crane 
jib, but the remarks already nuule with reference to the necessity for hnving only the very best 
(yinetructlon and design of gear to be used by hand-power again apply here, eapecialty when 
the height of lift is great. It is a very laborious operation to litl a ton TO ft. high l^ haml, 
and not an atomof snch power should beabsoibed oy unnecessary friction. 
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lOowt 


15 cwt. 


20owt. 


80 cwt. 


40 cwt. 




«Kt. 


40 ft. 


40 ft. 


40 ft. 






eft 












£33 










Price of orane with oonnter-1 
weight .. _ .. ..| 


£13 


£45 


£55 


£62 


£70 


2 tons 


aHoQs 


21tOM 


Stems 


Sitona 




80 onb. ft. 











WEOtfOHT'IBOI)' WAEEEOmS CRAKE JIB, Fig. 133. The priceB ^ven below are for 



Orenejibtooarryloadsof 

BadiDS 

Price 

Approxiniate weight 

„ meesniement 


10 cwt. 

8 ft. 

£12 

■ 5 cwt. 

20 cub. ft. 


15owt. 

6 ft. 

£13 

5jcwt. 

22 cub. ft 


20 cwt 
6ft. 
£H 

6owt. , 
2i cub. ft 


30 cwt 
6 ft. 

£15 

7 cwt. 

'28 cub. a 


40 cwt. 
6 ft. 
£17 
9owt. 
35 cnb. ft. 



These cr/tne jibs are constnicted of ronnd iron, and lor a small radios up to 7 ft. or 8 ft. have 
a aeat appearance. The curved form ^ves good clearance for bulky piwiageB In contracted, 
doorways, but for jibs of greater radius it ia usual to employs square back slandaid, and flat 
iron BtraigM bftTB for !he jib, braced together, and round iron tension bars. This form again 
gives place to jibs constrocted of plates and angle iron for the longest radins and heaviest loads. 



HOISTING MACHINERY.— Section a. 47 

CBLLAS CBAHEB. Tbo jibisfizedinthecellarandismadetelescopio.sothattlieload isfli^ 
lilted from any noiot within tiio radius of the ccaiie, and is afterwarda lifted and carried in e. dia- 
gonal direction Uaoiigli tlic doors or flaps, nntil it ia high eaongh to be deposited on the roftd or on 
a van. Many cranes of this construction are doing good eervice below chambers and in olhei 
positionB where the use of an ordinary jib of the typo Fig. 133 would not be permitted by Uie Local 
Board regulaUonB, or where aay sut^ crane wonld interfere with aicJiitectuml effect. 

VABEHOIFBE CHAVES WITH TABIABIS RADIUS. Theiibiamadewiththearm jointed 
at the bottom of the back standard, and ge^ ia fixed inaide tbe building, which admits of this arm 
being BO manipnlated as to give a variable radins with or without we load suspended on the 
ctane. This oonstmotion ia nsed when the jib must be flied near to a door, but must reach over 
a footpath below to pick up or deposit a load. Also where two doorways must be served at 
different dialances bom the centre of the crane. 

QOUnHS CRAXEB. Jibs are frequently attached to and can, If necessary, be made to swing 
entirely around the columns in warehouses or factories ;>_ in some cases it i^ convenient to traveree 
the load on the jib in the mumei indicated in Fig, 1S6~. ^ia ammgemeDt is eoonomicat in coBt 
as well as in the space ooonpied. 



■WBOOaHT-IHOlJ m ntAlTB, WITH CRAB, Fig. IM (No. 70). is used fin working 
loads through a irap-door in a warehouse, or is fiied against on outside wall, to raise goods from 
R.cellar-trap ; the top post ia supported fiom the wall by a wrought-i(on bracket, but if placed 
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between two floon, it would bave » plate at the top, tdmitar to that shnwn at the bottom. It ia 
fitted vitii aingle nod double-pmohaEe gear, brake and cbain, pawl and wheel, to hold the load. 
The variatlooB in height and radiuB are so numeroua that a ooiuplete prioe-liat caimot be 
giTen, bat a cmne of 20-owt. power, 7 ft. nidiiis x 7 tt, high, costs 1:25. 



WOOD FEAHB HAHIXTOWES TOUBDHT OEUTEB. Fi;;. 135. The jib ia fitted with 
cast-iron sockets, and the mast ia hooped top and bottom with wrought iron, where the 
gudgeons are inserted, and the crane is complete with racking In and ont motion, top and. 
bottom pivot plates, chains, blocks, Ac. as shown. 



Powerofcrane 


5 tons 


6 tons 


Xtons 


10 tons 




15 ft. 


16 fL 


18 ft. 




Price complete 


£130 


£1M) 


£l«0 


£200 


Price for all ironwork .. 


£100 


£110 


£130 


£150 




5 tons 


Otona 


7 tons 


8 tons 






350 cubic ft. 
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WSOnOHT-ntOir FOBOB OS TOTT&DKT CSAHES are made in ezaotl; the same manner 
aa the aleam fonndiy cranes, Fiji;. lOS, and referred to at page 13, exceptiiiK only that ttie 
eDgineaaie omitted. The snbjomedprioeg include all the BHuigB leqaired for effiaient wiskiDg. 



Power of crane 

Badina of crane, inl 
feet, from centre to 
extreme points . . | 

Price of crane 

Approximate ««ght 

mea-1 

snreioeiit .. ..J 


Stone 

16 ft. 

£90 

250 cub. ft 


5 tons 
ISA 

£200 

4 tons 
3SOonb.ft. 


10 tons 
20 ft. 

£.100 

7 tons 
490oi)b.ft 


15 tool 
20 ft. 

£375 
lU|lons 
600onb.ft. 


20 tons 
20 ft. 

£451) 

13 tons 

500cnb.a 


2Slona 

20 ft. 

£.W0 
IGtons 

500 oub. ft. 



HAHB-FOWEB TOTTITDBY OB TOBBE WALL CBAVE. Fig. 136. A numbar of die«e 
cranes may be flied on the walls, piers, or colnmns of a foundry or forge, and in such a po«tion 
that an oierhead traveUer will puss over tbcm. For use in foundries seTBrsI craneH placed dia- 
gonally with each other on the two opposite walls are exraedinKlT usefal for light work ; the 
Mmtral part of the floor is thns kept clear for the heavier olasa of work, and b; means of an over- 
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liEad traveller, wbicli is niuftlly folly occapied En lifting hosTj Baaka and liLdles, Temoving boxes, 
Ac., the vhole of the floor space is STailabla for casting, and the services of the travelldr ore not 
leqaited (or work whiob can be performed as well, or perhaps better, by those ligliter cranes. 
These cianes hitva been adopted in ceveral fotmdries ibr which the Authors have designed and 
made the lifting machinery, and in all thu commercial results obtained bave been highly 



Power of oianB 


Iton 


2 tons 




20 fl. 


20 ft. 


Price with chains, blocks, crab, and racking motion .. 


£75 


£85 




24 tons 











Fig. 13t). 

8INQIE-EAIL CBAHEB, Fig. 137. This form of crane, although probably norel to many, 
has been very BQcceBsfaUy used for a variety of purposes, and is adapted to work by band or by 
power. The crane shown in Fig. 137 is for handpower, but the general form is thesame whether 
the crane is worked by hand or is driven by a high speed aud or tumbler shaft. The under 
carriasie or bogey is fitted with two double flanged wheelB one in &ont of the other and travel- 
ling on a tingle rait, which ia usually sunk so as to be Bush with the floor, in order not to interfem 
_...? .!._ »_ ; — 1-« r ci "---iled trafBo in any direction ; ttie atabllitj of the crane ia 



wiUi the free circnlation of fc 
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maintained by the poat baing keyed aecurelj; into the carringe, ita upper enJ being filled with 
a horizontal wheel which worts between a pair of guides fiied lo the underside of a floor, ol to 
the beams or colujum : these guidfa are flied in the same line aa the single rail on the floor and 
plumb above it, and extend the full length that it is desired to travel the crane ; the jib is hang 
on a shoulder on the poet, the thrust of the jib being taken by a pair of friction rollers working 
agninat the post; it tiieiefore turns veiy freely entirely round the post. The gearing is worked 
from the floor by hauling on theeudlees hand-rope, and the barrel shEift is fitted with k self-acting 
arrangemoni, whioh maiotains the load suspended directly the hand-ropa is released. One m 
the tiavulling wheels is geared op to the handle shaft on the carriage^ whioh is the prupei 
height ttom &e ground for easily taming. 



Fig. 1S7. 

It will be evident from the engraving and the foiegofng short description that these cranes 
occnpy so little space that tliey are pecnliarly adapted for running between two lines of lathes 
or machine tools, or for lilUng the smaller parts of mschines in the erecting shop alter ihe lieevy 
pr.itionB have been put in position by the overhead traveller. Both of these operaLious are per- 
formed in the Authors' works, and cranes of this type have been constructed for many of tlie 
leading engineers ; they are altiu neefully employed in wool warehouses or fnrnituie stores where 
goods are packed from floor to ceiling. For the platlbrms of Iluilvtay or Dock goods theds this 
system affords very great facility for concentmting the urano power at any given point, and the 
heavy outlay is avoided for a number of hted craaes wlitch can neither be always employed nor 
cover the ground so completely as portable ciants: and it shoald be mentioned that not only do 
these cranes lilt a load and swing entirely round with it, hut they can travel with it ad readily as 
if it were on a tram ttoUey. Ttie subjoined price list is fur crsnes worked by hand-gear as shown 
in Fig. 136. 



Power of crane 

Badiusofcrane 

Heightofcrana 

Priceoferane 

Approsimate weight 


lOowL 

10 ft. 

12 ft. 

£65 

2 tons 
i5 cubic ft 


20owt. 
12 tt. 
Hft. 

£70 

2Jtona , 
60 cubic ft. 


SOowt 

12 ft. 

lift. 
£80 

3 tons 
70 cubic ft. 


40cBt. 

12 ft. 

14 ft. 
£iO0 

4tnns 
85 cubic ft. 
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HTDKAVLIO 8IVQIX-BAIL CEAirXB. The Hydranlio pump la worked b; hand, the lifting 
eylludet U plooed on the jib, and the wroogbt-imn sidea fbrm tbe guides for the ctoadiead of the 
tain, the latter being fitted with ohain shflaveB, to multiply tbe length of lift in the ordiosry way; 
the preesDre OQ tbe ram ii fnrniahed by a paii of pumpe of differential diameter, i^iving Tariotu 
speeds and powers and stroke ; the pumps aie sapplied tiwa a amall cislem which forms part 
of the leTolvinK portion of tbe crane. Ine lowerhig is performed by a small relief valve, and 
fs ooDtrolled with great nicety; the whole nnangement la neat, but the first ooat ia greater than 
tnr geared oranei. The prices are as Doder : — 



Power of orane 
Badina of jib 
Height of crane 
Lift of chain 
Price <tf crane 
Approximate w 



lOowL 
10 ft 
12(1. 
10 R. 



20cwt. 30cwt. 40owt 

12 ft. 12 ft. I 12 a 

Hft. Hft. I lift, 

12 ft. 12 ft. j 12 ft. 

£80 £100 I £I2S 

3 tona 1 tons j S lona 

TOcnbicft. SSonbioft. ' 120cnbieft. 



The dimensioDB oan of comae be modified to snit 
hydraulic arrangement, if the heiglit (^ lift ia less tl 
proportionately Increased. 

mrOLE-KAIL CJLtSE DBITEX BT POWXS. 
rope system or a shaft placed direoUy over tbe crane 
vertical ahsft paseing; throngh tbe centre (o transmit i 
and in the lamer cranes, the turning or slewing is ala 
of a crane to lift, torn ronnd, and travel (eilher by the 
with n radius of 12 ft. and about 14 ft. high, is £300 ; ' 
menia for driving vary so mnch that it would be all 
which would have any practical value. 



Cranes driven bj pow^r either by the 
post, have in either case hollow posie, a 
notion to the lifting and travelling gear, 
> taken from the same shaft. Tlie price 
high speed rope or sliaft), to rarrj 5 tons, 
but the powers, proportions, and arrange- 
- --' impoBuble to prepare a list of prices 



XAVS-POWXB DEKBICE OSAITEB. The design. Fig. 138, ia that nsnally adopted : tbe 
framiDf;, jib, back-ties and sleepers are made of timb^, and answer the purpose perfect fy in moat 
countries ; but for use in tropical climates the cmutmctMn in inti shown in Mgs. 139 to 111, 
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poBsesB some advantagea. The engravings are taken from photographs of cranes made for her 
Majebty's Goyemment for use at u>lombo Harbour. The crane, Fig, 139, is for |-ton, Fig. 140 
for ll-toos, and Fig. 141 for 8-tons loads, and the prioesAre given for both timber and iron. In some 
cases the ironwork, gear and chains are sent out ready to fit to timber provided at destination, 
whicli effects some saving in freight, and admits of the use of native timber. The price for a 
complete set of ironwork only averages SO per cent, leas than for the timber derrick complete. 

For useonworkdrequiring a considerable andvariable radius of jib, grtatlength of lift,moderate 
facility for removal and re-erection, together with a low first cost, no form of crane can compare 
with this. The jib will swing through 250° of the circle, and being hung ou a pivot at the top 
and bottom, although the radius may be great, very little power is sufficient to turn the jib and 
lo i'l. All the sizes are fitted wiUi bingle and double-purchase lilting gear, strap brake, ratchet 
and pawl, and safety derrick gear for altering the raolus of the jib either with or without the 
load, and the derridk gear is so constructed that the load btlances the tendency of the jib to run 
down ; the load can therefore be moved horizontally to or from the centre of the crane with ease 
and safety after having been raised to any required height The advanteiges of this will at once 
be apparent to anyone conversant with the work conbtantly recurring in quarries, stone yards, 
timber yiurds, buildings in progress, &c Best memel or pitch pine are used lor the timbers, and 
, the centre mast is fitted with all rearing ; the jib, backties and sleepers for same are fitted with 
the necessary ironwork, and chains are supplied to reach to ground line. If constructed of 
iron, the smallest size (f-ton), the mast and jib a'e both made of flat wrought-iron bars braced 
together by diagonals, nnd for the larger sizes, channel irons of suitable section as shown are 
used for the mast and jib. The larger sizes can also bo fitted with slewing or turning gear at 
the prices indicated. 



Power of crane 
Maximum radiua of crane . 
Price with timbtr frame.. 

„ iron frame . . 
Price extra for slewing gear 
Approximate weight 

,y measurement 



1 ton 

1 5 ft. 

£47 

£o5 

£5 

3 tons 

150 o. it. 



^1 ton 

30 ft. 

£53 

£60 

£5 

8^ tons 

180 c. ft. 



1 ton 


2 toils 


2 tons 


2 tons 


85 ft. 


25 ft. 


30 ft 


35 it 


£58 


£60 


£64 10 


£68 10 


£G5 


£70 


£75 


£80 


£5 


£10 


£10 


£10 


3^ tuns 


3^ tons 


3itons 


4 tons 


200 c. ft. 


200 c. ft. 


220c.it 


240 eft 



Power of crane .. *• 


3 tons 


3 tons 


3 tons 


4 tons 


4 tons 


4 tons 


Maximum radius of crane . 


25 ft 


ao ft 


35 ft. 


25 ft 


30 ft 


35 ft 


Price with timber frame . . 


£80 


£85 10 


£92 10 


£h5 


£102 10 


£110 '0 


„ iron frame 


£90 


£100 


£110 


£120 


£130 


£140 


Price extra for slewing gear 


£13 


£13 


£13 


£15 


£15 


£15 


A pproximate weight . . 


4 tons 


4^ tons 


5 tons 


5 tons 


5^ tons 


€ tons 


., measurement 


240 eft 


280 c. ft 


300 c. ft 


300 c. ft 


350 eft 


400 eft. 



Power of crane 


6 tons 


6 tons 


6 ions 


8 tons 


8 tons 


Maximum radius . . 


25 ft 


30 ft 


35 ft 


25 ft. 


30 ft 


Price with timber frame «. 


£130 


£140 


£150 


£160 


£190 


„ iron frame 


£110 


£150 


£165 


£175 


£205 


Price exfra for slewing gear 


£18 


£18 


£18 


£20 


£20 


Approxim ite weight 


6 tons 


6J tons 


7 tons 


7 tons 


7} tons 


^ measurement 


440 cub. ft 


460 cub. ft 


480 cub. ft. 


500 cub. ft 


550 cub. ft 



Power of crane ,, 


8 tons 


10 tons 


10 tons 


10 tons 




Maximum radius .. 


85 ft 


25 ft 


30 ft 


35 ft 




Price with timber frame .. 


£200 


£220 


£235 


£250 




„ iron frame 


£220 


£240 


£255 


£275 




Price extra for slewing gear 


£20 


£25 


£25 


£25 




Approximate weight 


8 tons 


9 tons 


10 tons 


11 tons 




„ measurement 


600 cub. ft. 


620 cub. ft. 


660 cub. ft 


750 cub. ft. 
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THE POBTABIE EAHD-POWIE CEABB, Fis. 142 (No. 7), illustwtMft type oTpBrmftnen^ 

way crane conatracted almost entirely of wronght iron, ani< largely need in India, Egypt, and 
othar conntriea where timber does not stand welT, and where great imyinveiiience is eiperitnced 
if any breakage takes place. The engraving is from a phntogmpb of cranes Bupplicd to tlie 
Onde anil Rohillnrnde Bailway, but cranea of the Bsme design are used on the Boudan (,3 tt. 6 in. 
gauge) Railway and many olJierB. 

Tlie under carriagea are fitted in ail respects like the etock with which Ihe cranes are 
intended to ran; the wlieels, axlea. axle boxes, springs, boffere, couplings, draw eprings. &C., 
being, where posaible, the same as those in use by the company pjirchasing the cianes : so that 
in the event of any repnira or renewals being 'necesaary, the fompany's stiireB will provide all 
that 1b reqaired, a coodiljon which will bo duly appreciated by locomotive or carriage aoper- 
intendcDta. 
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The coDBtraetion and gearing do not Tory greatly from tie hand cranes, Piga. 127 and 
:28. the chief points of difference being that the side frames and jib are made of wrought 
iron plates Btrengthened with angle irons riretted up as shown, and the fiamea aia fitted with 
wrought-iron taU pieces carrjing a large wroughtriron balance boi on wheels which can be run 
in or out from the centre of tlie crane to counterbalance the load : this box U moved by a screw 
and hand-wheel, and a clamping screw Becures it to the lail pieces at any point ; the tail piecea 
are fitted with a friction roller to cany the balance box when slewing without a load, and when 
travelling the weight of the balance boi is taken below the tail pieces by a pair of cams on a 
crosa shaft on the top of the nnder carriage ; these Cftms also prevent the crane from tnrnini; 
and at the same time relieve the post from vibration when nmning. 



Fig. 143. 

Ample platform space is provided for the men to work the crane at any angle across the 
carriage ; Uiia is sometjnjes obtained by using the hinged flaps shown in Figs. 1*2 and Hi, 
Suitable provision is made for lowering the jib-head whilst travelling, and each crane is fitted 
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with a retum block arid chain of proper size and length to reach the ground line, alao holding- 
down rail crarapa, staples for cross girders, blockings for springs, and the carriage is fitted with 
an ordinaiy lever brake. The under carriages for 10-ton cranes have 6 wheels, and those for 
narrow-gauge metre (or 3 ft. 6 in. gauge) are fitted with sliding cross girders to give the necessary 
stability. 

Many lines of railway have a permanent- way crane of about 10- tons power at each ter- 
minal station ready to send to any part of the system where it may be required for temporary 
service, or to clear the line after an accident or breakdown, and each crane has a " tender truck ** 
fitted with all appliances usually required under such circumstances, buch as sling chains, lifting 
jacks, crow-bars, picks, shovels, packings, planks, Ac. ; this track also serves to carry the crane 
jib when it is laid down for travelling ; but as these cranes and tracks are usually made to suit 
the special requirements of the officials of each railway they cannot be included in any general 
list of prices. 

The crane. Fig. 143 (No. 2), is intended for the same duty as that above described, but is of 
cheaper construction, the side frames of the crane being of cast iron with wrought-iron tail 
pieces and cast-iron balance box ; the under frame of the carriage and jib are of oak, and the 
spring buffers are omitted ; it is however a good crane for ordinary work in ordinary climates, 
and for moderate powers. The prices, azes, &c., of these cranes are given below. 

The carriages are made for any gauge of railway or are fitted with fiat-faced wheels for 
moving along a quay, and sometimes the smaller sizes have ordinary road wheels, locking fore 
carriage, and shafts for transport by horse-power over common roads. 

Prices of Pebmanebt-way Portable Hand-power Cranes, Fig. 142 (No. 7). 



Power of crone 
Radius of crane 
Price complete 
Approximate weight 

„ measurement . . 



8 tons 


5 tons 


10 tons 


12 ft. 


13 ft. 


14 ft. 


£260 


£350 


£550 


8 tons 


12 tons 


16 tons 


300 cubic ft. 


500 cubic ft. 


COO cubic ft 



The above prices do not include balance weights, but these can be supplied at an extra cost 
of £10 per ton, the quantity required being about 2J, 4, and 8 tons respectively. 

Prices op Permanent-wat Hand-power Crane, Fig. 143 (No. 2). 



Power of crane 


3 tons 


5 tons 


6 tons 


• 

10 tons 


Radius of crane 


12 ft 


13 ft 


13 ft 


14 ft 


Price complete .. ' 


£185 


£250 


£265 


£400 


Approximate weight 


8 tons 


10 tons 


11 tons 


15 tons 


,, measurement 


850 cubic ft. 


500 cubic ft. 


550 cubic ft. 


600 cubic ft 



These prices do not include balance weights fitted in the boxes, for weight and cost of which 
see above. 

PEBKANEKT-WAY CBANE8 WITH 8ELF-ACTIK0 BALAKCE, Fig. 144 (No. 6). All 
railway engineers will be lamiliar with the inconvenience, even on a line of 4 ft. 8^ in., arising 
from the careless manner in which the balance-weight box is used, and the narrower the gauge 
the greater is the risk of the balance box being too fiur from the centre and overturning the crane 
when the load is removed, probably pulling up the road and causing a loss of at least as much 
time as it was intended that the crane should save. It is therefore not surprising that so many 
inventors have directed their attention to this subject and have taken out many patents to 
protect their inventions. The requisite conditions of great simplicity and certainty of action 
iiave, however, usually been somewhat neglected, and the patent self-acting balance permanent- 
way crane. Fig. 144 (No. 6), is the only arrangement which has come under the notice of the 
Authors combining the conditions above referred to and successfully accomplishing the objects 
sought to be attained. 

The manner in which the load on the lifting chain acts on the counterbalance weights is 
shown so clearly in the engraving that little description will perhaps be necessary. The rigid 
rods which tie the jib-head to the side frames in Fig. 142 and all other cranes of that class, are 
here replaced by two short tie-roHs, each with a chain-sheave at its lower end. One end of each 
of the chains parsing over these sheaves is attached to a chain-barrel fitted with worm and wheel 
gear, whilst the other ends are coupled to the short arms of two bell-crank levers having a 
mloram in the top of the side frames ; the lower ends of the long linbs of the bell-crank levers 
are fitted with weights connected by strong wrought-iron links to the axis of a cylindrical 
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Inlance ve^ht, which is ^ee to roll on tlie tail pieces of the crane franing. When the load Ib 
l>eing lifted the strain due to the weight uf the load passes tbioaghthe tieDoraaiidobaiiutethe 
short arms of the hell-cranliB, aad the strain thus applied causes the long arms and weights to 
rise out of the Teitical podtion and to draw the cjUudrioal weights into the position shown, or 



until thej are at a distance from the centre sufficient to cxjuntcrbalance the load being lifted. 
When the load is released the leven remime the vertical position shown in the dotted lines. 

Tlie action is therefore entirely automatic, there are so few parts, none of them liable 'to 
derangomont. end all bo strong and simple in conatructiou that these cranea have never been 
known to fail in securing the safet; and ceitoint; whivli Ihcy were dcmgoed to aflbrd. 
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The chain-bairel ig fitted wiUi a tangent ithecl and worm which sei' 
anj angle or rudius Teqaiied. as well as to lower itdown for travelling. 

The under carriage and side frames are of wrought iron, and the speeds and powers of the 
gear and tlie general outfit ia aimilar lo the permanent-way crane, Fig. 142, The cost is, however, 
uecessarily higher ; but when regurd ia given to the cost of tbe balance wtights, and the unqnea- 
tiunablu advanta^ of the action of the counterbalance being automatic, the difference in price 
is not sufficient to Dredude the use of this tyne of crone. caDeciallv on nurmw-^aucm m" 
where for cl 



Pucn OF PmuBEHT-WAT SBLr-iirrDig Balance Giukeb, Fig. 144. 



Poweroforane 

Undius of crane 

Price complete 

Approxinuile weisbt 


3 tons 

12 ft. 
£360 

12 Ions 
350 cubic ft. 


5 tona 

13 ft. 
£500 

17 tona 
550 cubic ft. 


10 tons 
14 ft. 

£700 

22 tons 
700 cubic ft. 
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POETABIE HAiro OEAKB, QOTEEKIIBHT PATTSHM, Pig. 145 (No. 1). These oraneB 
are construttod to wmb loada TOiriog from » to 10 tons, and can be adapted to WMk oq 
any gauge of railway. They »re_ tued by Her Majesty a Govermnent as weU a« by some of the 
leading railway and dock oompanieB. , ,, j . « . 

The base plate ia in one massive casniig, chequered on the top, and of snmcient size to allow 
the men to work at whaleTer angle the crane may be. The crane-post ia of hammered inm; 
the iouroals are of great lengUi. the shafts mo in gun-meial bearings, and the working parts 
throughoat are accurately fitlai and oaiefiilly finished. 

The balance-weight boi is of ample aize, and is moved along the tail-piecea by a traveraing 
Bctew worked by a hand wheel. There ia a friction-roller bo take the weight ofi the back balanoe 
and tednoe friction when tnrmng. The engraving, Fig. 145, ahows a 6-ton, and Fig. 146 a 
S-toaontne. 
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PowOToforano Stons 

BadmsoforaiM 12 ft 

Price completa £165 

AppKiiimata weigbt „ .. 4} toad 


5 tons 

13 ft. 
£290 

9 tons 
300oubwft. 


6tODB 

14 It. 
£3S0 

10 tang 
400 cubic ft. 


lOtmui 

14 ft 

£470 
13 tons 

eOOonbioft. 



For ocflt of balance might m 



Fig. 147. 

The cranes. Fig. 147 (No. 1b), and Fig. 148 (N'o. 4). are for lower ^wera than 3 tram, and 
ftre generally similar lo the portable handrranes before described, thecbief difference being that 
the; have not Trieiiaa roHera, or a rollpi path on the bed plate, the whole weight of the rerolviug 
portion of the cmne retting on the top of the central pillar which is of WHmght iron. Fig. 117 
IB made in two aizes (1 and 2-tons), the pri«« being £110 and £125 respectiTcly. 

The cranes, Fig. 14R. are mmiB witd plain or flanged wheels, and are lighter and cheaper 
than an; of the foregoing : the rerttcal berB, {ail-pieces, and tie bare are of flat wronght iron 
inaleod of the roat-iion aide ^mes shown in Fig. 147. They are nude of toot Biiee, ranging 
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Fig. 148, 
Pittnc List or No. 4 Light Pobtable Hakd Obabes, Fig. 148. 



Powerofmane 

Radioa of orane 

Prioe 

Approximate weight 

„ measnrement 


Jtnn 

10 ft. 

£40 

IJtona 

80 cubic ft 


10 ft 
£45 

It tons 
100 cubio ft 


l}tons 2 tons 

10 ft. 10 ft. 

£50 £72 

2toiu Stons 
ISOoabioft 200 cubic ft 



HAKD 70BTABLE CBAHE, Tig. 149 (No. S), ia adapted fca rough yiork or for abipmenl. 
The crane carriage, side frames, talance box, Ac, being compOBed of wrought iron ; the jib aiid 
platform can also be made in wionght iron at a Bligbll; increased cost. A number of these 
ctanea have been constructed for Central America and the West Indies ; the? are made of two 
sizes with plain or flanged wheels as dedied, and each is fitted with chain, balance ball and 
Itook, to reach the gronnd line. 
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POWXB OVSBHX&D ^UTXLIIHO CBAHZfl. This class of mBchiDerf will be nofioed 
in the tolloiriiig ordeT, vith a brief deacriptian of tbe congtractioii Bud of Uie oooditionB under 
which each haa been need. 

1. Those with the engine and boiler moving with tbe load. 

2. TretTelleiB having the engine and boilei fixed at one end of the beatos; 

3. Ttavellera drivea by a line of shafting. 

4. Travellers driven by a high-speed cord. 

5. Traveller driven by a alow-speed wire rope. 
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The eng^ravingB, Figs. 150 and 151, are good examples of the first-named type in which the 
engines and boUer move across the gantry with the load. The engraving, Fjg. 150, is from a 
photograph of a traveller of 40-ft. span to carry a load of 6 tons, which was nuide by the Authors 
for the Midland Hallway ; the other, Fig. 151, is of 15-tons power and 50-ft. span, and was used 
in the construction of the Stack Rock Fort outside Pembroke Harbour. Travellers of a similar 
character, but varying in design to suit special conditions, have' been used in carrirlng out the 
works of the Thames Embankment,' the Municipal Buildings at Manchester, and mimy other 
public works at home and abroad; but the subjoined detailed description refers espeoally to 
Fig. 150, although it will apply generally to all. 






Power of traveller .. 

Span of trayeller 

Height of lift 

Number, diameter, and stroke 

cylinders .. 

Diameter and height of boiler 

Price complete with wood-trussed) 

-beams .. .. .. ../ 

Price extra per foot to 50-ft. span . . 
Price with wrought-iron beams . . 
Price extra per foot to 50-ft. span .. 
Approximate weight 

measurement 



»> 



5 tons 
40 ft. 
20 ft. 

2— 5"x9" 

2'9"xr0" 

£390 

£5 
£415 

£6 

7 tons 
300 cubic ft. 



" 



6 tons 
40 ft. 
20 ft. 

2— 5"x9" 

2'9"xro 

£410 

£6 
£425 

£7 

8 tons 
340 cubic ft. 



7 tons 
40 ft. 
20 ft. 

2— 6"xl0" 

3'0"x7'0" 

£435 

£7 
£465 

£8 

9 tons 
380 cubic ft. 



8 tons 
40 ft. 
20 it. 

2— 6"xl0" 

3'o"xro" 

£455 

£8 

£515 

£9 

10 tons 

400 cubic ft. 



Power of traveller .. 


10 tons 


15 tons 


20 tons 


25 tons 


Span of traveller 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Height of Uft 


20 ft. 


20 ft 


20 ft. 


20 ft. 


Number, diameter, and stroke of j 
cylinders .. .. .. ../ 


2— 6"xi0" 


2-7"xl0" 


2— 7"xl0" 


2— 7"X10" 


Diameter and height of boUer 


3'0"xr0" 


8'6"xr0" 


3'6"xr0" 


3'6"xr0" 


Price complete with wood-tn]8sed| 
beams / 


£490 


£550 


£650 




Price extra per foot to 50-ft. span . . 


£10 


£11 


£12 




Price with wrought-iron beams .. 


£550 


£600 


£720 


£850 


Price extra per foot to 50-ft. span .. 


£12 


£13 


£15 


£20 


Approximate weight 


12 tons 


17 tons 


20 tons 


23 tons 


„ measurement 


500 cubic ft. 


600 cubic ft. 


650 cubic ft. 


700 cubic ft. 



Power of traveller 


80 tons 


40 tons 


50 tons 




Span of traveller 


40 ft. 


40 ft. 


40 ft. 




Height of lift 


20 ft. 


20 ft. 


20 ft. 




Number, diameter, and stroke of j 
cylinders / 


2— 8"xl0" 


2— 8"xl0" 


2— 8"xl0" 




Diameter and height of boiler 


3' 9" X 7*6" 


8'9"xr6" 


3'9"xr6" 




Price complete, with wood-trussed'^ 
beams j 


















Price extra per foot to 50-ft. span.. 










Price with wrought-iron beams .. 


£1000 


£1250 


£1500 




Price extra per foot to 50-ft. span .. 


£25 


£30 


£'^5 




Approximate weight 


26 tons 


30 tons 


35 tons 




„ measurement 


750 cubic f f. 


900 cubic ft. 


1100 cubic ft 





The engines have two steam cylinders with link reversing motions, single and double pur- 
chase lifting gearing, powerful brcie, and the blocks and chains are proportioned to the power 
of the traveller. The longitudinal and transverse travelling motions are both given by friction 
clutches, which can be put into motion in either direction without stopping or reversing the en- 
gines, and can be operated both together, and at the same time as the lifting or lowering motions 
are at work. The whole of the high-speed shafts are fitted with gun-met^ bearings with loose 
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caps, where practical, so as to facilitate the removal of the shafts without the trouble of taking 
down the side frames. The boiler is of the vertical kind, and has cross water-tubes in the fire-box» 
or a number of 2 J diameter hanging water-tui)es in the crown of the fire-box, whichever is preferred. 
The usual fittings consist of furnace bars^ door, manhole and mudholes, with covers and bridges, 
chimney and damper, the ash pit being formed in the bottom of the boiler shell, safety-valve, steam- 
pressure gauge, water gauge, gauge cocks and blow-ofif cock, and a fusible plug in crown of 
furnace. The general quality of the plates is best Stafibrdshire ; the crown plates, flue, and 
cross-tubes of Lowmoor or Bowling quality. Each boiler is tested with a pressure of 120 lbs. 
per square inch, and is of ample size to supply steam to the engines. The boilers of the larger 
travellers are mounted on a wrought-iron water tank, which also forms part of the foot-plate 
and platform ; the smaller travellers have a tank as shown in Fig. 150. The whole of this 
portion of the traveller is mounted on a four-wheeled platform, two of the wheels being geared 
to give the transverse travelling motion to the crab and load, and the platform is fitted with a 
hand-rail and coal bunker. 

The girders are of best pitch pine timber with wrought-iron truss rods, and cast-iron sti'uts 
of suitable strength and depth ; the ends of the girders are fitted with cast-iron shoes, with bosses 
to take the ends of the truss rods, and these shoes or caps are bolted up to the under sides of the 
end cradles. This arrangement has several advantages : it keeps the centre of gravity low, 
reduces the height required for head-room from rail level, and gives greater security, because 
in the event of any accident arising to the wheels, axles, or end cradles, the main beams can 
only fall about an inch ; it also afibrds some facility in erection. 

The girders or main b^ams are, however, frequently made of wrought iron of the fish-bellied 
form, composed of single web plates with angle irons and top and bottom table plates. Th« 
heaviest travellers have beams of the same form, but of a box girder section. 

The end cradles are usually of cast iron of hollow box section, excepting for the heaviest 
travellers, when they are of wrought iron ; in both cases they are fitted with double-flanged 
wheels, working loose on their axles, which are of great length and drilled up the centre for 
lubrication. The cradles or bogies for travellers above 25-toiis power liave 6 wheels. 

The prices include the cost of chains and blocks of suitable strength and length for a lift of 
20 ft. in height, but this height can be increased at a slight extra cost. 

The cost of housings of corrugated iron is about the same as is quoted at page 21 for steam 
cranes of similar power. 

OVERHEAD STEAM TBAVELUirG CBANE, Fig. 152 (No. 1). The second type of over- 
head crane, which has the engine and boiler fixed at one end of the framing, is illustrated 
in Fig. 152 ; this construction has its own special advantages, some of which are Ihat — 

The weight of the engine and boiler are always directly over the point of support. 

The main beams may therefore be lighter than would be required for travellers of the 
type. Fig. 150, as they do not have to carry the weight of the machinery in addition 
to that of the load. / 

The boiler being stationary (at one end), arrangements can frequently be made for getting 
rid of smoke when worlang in buildings or sheds. 

The proportions of the engines, boilers, &c., for the corresponding weights and spans are 
the same as those given above. 

Several travellers of this kind were used in the construction of the Cannon Street Bridge ; 
they are also in use at the East and West India Dock timber sheds, working on a gantry which 
overhangs the dock wall, and are employed in taking timber dhect from the ship's hold into 
the sheds where it is piled for sale. In those last mentioned, a motion is introduced which enables 
the traveller to transport itself from one line of shed to the next j and as a number of these 
sheds are parallel to each other, the power can thus be concentrated where it is most 
needf d. A number of hand-power travellers are also used in these sheds in conjunction 
witii the steam travellers, both running on the same gantries. 

Tlie logs are brought by the steam travellers from the ships to about the point where they 
are to be stored ; and as the gantries are of great length, the high speed of working which is 
obtained by steam power is found to eifect a great saving in time, together with a remarkable 
economy in cost as compared with hand labour. The hand traveUers are used for sorting, 
piling, and delivering the logs ; this being necessarily a slow process can be performed more 
economically by manual labour than by steam power. 

This system of working has been adopted by Mr. A. Manning, the eng^ineer to the East and 
West India Docks ; and, having regard to the varied character of the work to be performed, it is 
difficult to conceive any arrangement which would effect so large a saving in time, space, and 
cost of working. The same remark may, however, be made with reference to many other highly 
successfal arrangements for saving time and labour devised by Mr. Mannmg, the mechanical 
portions of some of which have been carried out by the Authors. 
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dVEBEEAD TEilVELLSSS DBIVEK BY A LINE OF SHAFT, Fig. 153. These come 
tinder the third head, and are well adapted for nse in foundries, erecting-shops, saw mills, 
and in other buildings where there is motive power available for driving a tnmbler shaft, 
and where the length to be traversed longitudinally does not exceed 200 to 800 ft ; beyond 
this length the torsion of the tumbler shaft becomes objectionable. 

Fig. 153 illustrates a traveller to carry a load of 50 tons, with a span of 45 ft., designed 
and constructed by the Authors for the North Eastern Marine Engineering Company, for use in 
their works at Sunderland, and is perhaps the most powerful traveller of this type which 
has hitherto been made. 

The main beams are wrought-iron fish-beUied box girders, the end cradles are also of 
box section fitted with 6 steel double-flanged wheels, working on fixed axles lubricated through 
the centre, tiie great weight on each wheel rendering the use of steel necessary; the four 
crab wheels are also of steel. These could not have fixed axles, but are provided with double 
frames or journals. The crab is fitted with single, double, and treble purchases, which are 
changed by a hand wheel and screw ; the barrel is spirally grooved to take the full length of 
chain without an overlap, and is geared directly on the barrel at each end, so that there is 
no torsional strain on the barrel shaft or barrel. The top and bottom blocks are fitted with 
three sheaves, thus giving seven laps of chain. 

In addition to the three speeds of lifting gear there is a set of geared change wheels 
and clutches on the first motion shaft, so that by a single movement the whole of the lifting 
and travelling speeds are altered in the ratio of 2 to 1, ttius giving lifting speeds of six powers 
without altering the chain blocks, and two speeds of longitudinal and cross travelling, and 
converting what would otherwise be a slow, ungainly tool, into one very generally useful ; 
the maximum load of 50 tons being of course rather exceptional. 

All the motions are given by large copper-lined reversing friction clutches, and the brake 
and pawl are connected and worked by a foot lever, the pawl being lifted out of gear when 
the brake is applied. All motions of lifting and travelling can be worked simultaneously ; 
and the levers are brought together and are worked by one man, at a point where he can 
observe every movement without obstruction, a matter of great importance when (as in all 
travellers of this kind) the attendant must work entirely by signs, and any mistake might 
cause damage to a costly piece of machinery. All the motions can be worked by hand power 
if desired. On the first trial with a load of 51 tons, the deflection of the whole including 
that of the longitudinal beam was noted and found to be less than § of an inch, and none of this 
was a permanent set. 

The longitudinal shaft, from which all the motions are taken, is of 3" square iron driven 
at 100 revolutions per minute, and the tiunbler bearings are adjustable, so that in the 
event of any settlement taking place in the supports, the shaft can be easily lined up. 
One or more travellers of any power may be driven fiom the same shaft, and in the works 
above referred to they are used from 5 tons to 50 tons. 

The prices are given for all sizes within those limits, and 40-ft. span is taken as a standard. 
Pbiob List of Power Tbavellebs driven by Tumbler Shafts. 



Power of traveller 




5 tons 


6 tons 


7 tons 


8 tons 


10 tons 


Span of traveller . . 




40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Height of lift 




20 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


Price with wood beams . . 




£250 


£260 


£270 


£280 


£300 


Price per foot extra to 50 ft. 




£5 


£6 


£7 


£8 


£10 


Price with wrought-iron beams 




£275 


£285 


£300 


£340 


£380 


Price per foot extra to 50 ft. 




£6 


£7 


£8 


£9 a 


£12 


Approximate weight 




5 tons 


6 tons 


7 tons 


8 tons 


9 tons 


„ measurement 




200 cub ft. 


240 cub. ft 


270 cub. fi 


300 cub. ft. 


360 cub. ft. 


Power of traveller 


15 tons 


20 tons 


25 tons 


30 tons 


40 tons 


50 tons 


Span of traveller 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Height of lift 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


Price with wood beams 


£400 


£500 










Price per foot extra to 50 ft. . . 


£11 


£12 










Price with wrought-iron beams 


£450 


£550 


£700 


£800 


£1000 


£1200 


Price per foot extra to 50 ft. . . 


£13 


£15 


£20 


£25 


£30 


£35 


Approximate weight . . 


14 tons 


17 tons 


20 tons 


23 tons 


26 tons 


30 tons 


„ measurement .. 


450 eft. 


550 eft. 


600 c. ft. 


650 c. ft. 


750 c. ft. 


900 c. ft. 



This class of traveller is exceedingly useful in boiler shops and girder yards, for bringing 
the work to and from the hydraulic or steam rivetters. 
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The height of lift is assnraed to be 20-ft nett lift, and each traveller is complete with 
chains, blocks, and hand motions. 

The designs will necessarily vary to some extent with each size, but the variations will 
be mainly in the proportions. 

The prices include the bevelled wheels for the tumbler shaft, but not any shafting, with 
bearings; this is worth from £1 10«. to £2 percwt. 

TBAVELIESS BBI7ZH BT HIGH-SPEED OB "FLTIKG" HOPE, Fig. 154. The 
power is tiansmitted from a cotton cord of ^ in. to | in. diameter running at a speed of 
atiout 5000 It. per miuute, the strain on the cord exclusive of friction being about 28 lbs. 
when the traveller is doing its maximum work. Prominent amongst tlie advantages this 
system ofifers is the facility with which power is transmitted obliquely, or in any Erection 
without noise and to almost any difetance required, without the intervention of shafting 
and bevil gear with the substantial supports necessary for them, whilst the rope is carried 
on a brass shoe or light brass sheave, and can be arranged to work several tjavellers or single- 
rail cranes of the type referred to at p. 

Many good examples may be seen in constant work in locomotive and erecting-shops 
where they have been in operation for many years (at the London and North Western Loco- 
motive works at Crewe for nearly 20 years), but the cranes selected for illustration were designed 
and constructed by the Authors for the new railway carriage works recently erected by the 
Midland Kailway Company at Derby. These travellers have a span of 50 ft., and lift 3 tons 
at quick speed and 5 tons at the slow speed, and have all improvements recently made in 
this class of machinery. The main beams are of wrought iron, and the end cradles, which 
are fitted with wheels to give the longitudinal travelling motion, are of cast iron of hollow 
box section. There U a third light beam the same span as the main beams, which adds 
stiti^iess to the structure and serves to carry a platform of light open cast-iron grating, 
through which ihe attendant can always see the exact position of the load as he walks along- 
side the crab. 

The high speed of the cord pulleys is reduced and the necessary power is gained primarily 
by worm and tangent wheel gearing. The cord pulley for giving the lifting motion has 
cones of two or more Hiameters ; these are caused to revolve by the cord being brought into 
contact with one or other of them by a hand lever fitted with carrying sheaves, and thus 
different speeds and powers of lifting are obtained. The reversing motion (for lowering the load) 
is obtained by simply passing the cord to the opposite side of the cone. 

The travelling motions are obtained in a somewhat different manner : a pair of discs, 
about 6 ft. apart, slide on the spindle from which these motions are taken, and another disc 
luade of papier mache or leather, slightly less in diameter than the distance between the 
two discs, is keyed on the worm shaft, which has its axis at right angles with the spindle above 
referred to,* the discs are fitted with a suitable hand lever, and the reversing motion in travelling 
is proiiuced by one or other of them bein^ brought into contact with the papier mache disc. 

All the worm wheels can be thrown out of gear, and shafts and handles are provided 
for working any motion by hand power if desired. 

For lifting locomotives it is found very convenient to have two crabs on one travelling 
gantry, because each crab is brought directly over each buffer beam, which divides the strain 
on the crabs and gives a more even distribution of load on the gantry ; one crab may be thrown 
out of gear and the other used for ordinary work. This arrangement is also adopted for hand 
travellers with much advantage, seepages 73 and 74. 



Power of traveller 


5 tons 


10 tons 


20 tons 


30 tons 


40 tons 


Span of traveller 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Price of traveller 


£350 


£450 


£650 


£900 


£1200 


Approximate weight 


5 tons 


10 tons 


16 tons 


22 tons 


26 tons 


„ measurement 


200 cub. ft. 


350 cub. ft 


500 cub. ft. 


600 cub. ft. 


700 cub. ft. 



The prices include chains for 20-ft. lift, but do not include any of the driving arrangement 
necessary for the cord. 

The cost per foot extra for longer spans will be the same as for steam-power travellers, 
page 64. 

TBA7ELLEB8 DBIYEN BY SLOW-SPEED WIRE HOPE. The chief difference between 
these and the ^* flying rope " travellers last described, is that instead of a high-speed cotton 
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cord, a steel wire rope about f in. diameter is used ; the speed at whicli the rope travels is 
800 to 350 ft. per minute, and the pull on it is about 300 lbs. This involves ilie use of 
twin drums or Fowler's patent clip drum, illustrated and described at p. 121, by which 
the necessary bite or adhesion of the rope to the driving pulleys is obtained without much 
wear and tear; another point of difiference is, that at the relatively low speed of 800 ft. 
per minute for the primary motor, spur gear can be used instead of worm and wheel gear. 

This system has not hitherto been so largely adopted as that last described, and there 
are instances where it has been abandoned. This however is due to some defect in design 
or construction, and not to the system itself ; it has given very excellent working results 
wherever it has been properly carried out. The prices for travellers of this construction 
for a given weight and span are practically the same as are given at page 71 for the cotton- 
cord travellers. 

HAim-FOWEB OVXBHXAB TEATELLEBS WOBKED FEOM ABOVE The attention 
of the Authors has for many years past been specially directed to the design and construction 
of these most useful machines, which are now becoming so largely used for saving labour 
and economising space in crowded yards, factories, warehouses, &c. Contrary to the general 
practice, they have endeavoured to obtain the maximum of htrength with a minimum total 
weight, together with a high class of workmansliip in the moving parts. Many people 
think that <' anything is good enough for a hand traveller," but the remarks made at page 38 
with reference to the necessity of good work in hand-power cranes apply with even greater 
force to travellers, because the total weight of the traveUer, with the load suspended, 
has to be put in motion every time it is used. The »peed at which the traveling motiona 
can be worked by manual power is also an important element in the ultimate economy to 
be obtained ; it should be as high as can be worked with a given load, and a slight error 
in design or an equally slight defect in workmanship may (and often does) involve the 
necessity of employing two men when one ought to suffice. The extra cost of labour will 
thus amount to probably not less than £50 per annum, whereas the interest on the difference 
in cost between a well and an ill made traveller would not be more than from £2 to £5 per 
annum ; to this may be added the loss, in tim^ frum slow working continually incurred when a 
number of hands are waiting for any of the various operations which the traveller performs. 

Great care ^ould be taken that the rails on wnich the traveller is to run are perfectly 
in gauge, and the joints fished or have a plate under each joint ; these points rarely receive 
safficient attention. The Authors' practice is to have the travelling wheels turned truly 
on their faces and flanges, the bearings brass-bushed, and good provision made for lubrication ; 
the geared wheels are carefully set out, and are clean castings. In the designs referred 
to in the following pages, each motion is as direct as possible consistently with handiness 
in working; special regard is given to this in arranging the longitudinal travelling motion 
which is taken from the crab and is therefore necessarily somewhat indirect, but the total 
number of wheels and pinions is only 8 ; it is however not unusual to see 16 wheels (with 
their corresponding shafts and bearings and the friction attendant on them) to obtain this 
motion. Separate handles are provided for lifting and for travelling longitudinally and 
transversely, so that each motion is independent of the other, and any of them can be 
worked in either direction without changing clutches or handles and without shipping a shaft ; 
the value of these facilities for working in an erecting-shop, or when piling timber or goods, 
must be seen to be fully appreciated. 

The traveller. Fig. 165 (No. 13), is used for lifting locomotives weighing 30 tons, and 
each of the two crabs will lift 15 tons when worked by four men, one crab lifting at each buffer 
beam. The traveller girders are fish-bellied, of wrought iron, with a single web and top 
and bottom tables ; the top member has a heavy rail of bridge section rivetted through the 
plate and an^le irons. There is a lattice girder of similar form, but with lighter angle irons 
and top and bottom flanges, on the outside of each of the main girders, and these with the 
open cast-iron gratings which form the foot plate give great lateral stiffness to the main beams. 

The girders are attached by bolts to the underside of the cast-iron end cradles whicli 
are of hollow box section; the travelling wheels are between the main and platform girders; 
the wheels have brass bushes of great length, which work on fixed axles and are fitted with 
oil cups for lubrication. 

The general arrangement of the crab gearing is distinctly shown in the enlarged view, Fi^. 
159 ; it will therefore be unnecessary to describe it closely in detail. The lifting gear is single 
and double purchase, and the power is increased by blocks and chains, the upper sheaves for 
which are carried in the transome on the top of the side frames of the crab. The chain barrel 
is keyed into the large spur wheel to relieve the shaft from torsion, the ratchet wheel is cast to 
the fiange of the barrel, and tlie brake ring is oast to the spur wheel; the brake strap is lined 
with wood and fitted with a hand lever. It will be seen that the two travelling motions are on 
one centre ; the longitudinal motion being the heaviest work, is given by the crank handle ; 
the lighter work of the transverse motion is given by the hand wheel, and as the attendant can 
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haye one baad on it and the other on the crank 
hsudlc^ a load can ba sJiaDltaneouBly moved 
trausTenel; and loDgitadiaallj any ghort dis- 
tance requiied, a condition most faFoorable 
to enoh operatioDH as setting stones, ereoting 
machinery, Ao. 

The advantages afforded by this a 

tnent of two ombs are. that when the n 

mum load is being lifted it is distribated 
between two seta of ohains and gear, and 
over a great portion of the main beams; the 
men are not unduly crowded, and each can 
apply hia force with proper effect ; the load 
can also be lifted level or be canted to any 
position reqmred, or for light work one orat 
can be thrown oat of gear and run to one end, 
and all the motions performed b; the other- 
Travellers fbr loads of leas than 20 tmis ate 
rarelj made witb two crabe; bnt the types 
shown in Fi»s. 156 to 158 can be so fitted if 
desired, or the hcaiier class can be made 
with a smgle crab equal to dealing with the 
maximum load if (an sometimes happens) the 
use of two craba is ioadmiaaible. 

It will also be noticed in the Ennavings 
above referred to that various fmma tf girdera 
are used— Fig. 156 (No. 11) having timber 
beams and double struts and truss rads : this 
sort of trtiaeing is used for 10-ft. span, below 
30 ft. a single strut, and above 40 ft. a treble 
^ stmt, tbe timber platform beam in each case 
■"■ being of eiacUy tlie same fonn aa the main 
.ti beam, bnt much lighter; and when timber 
^ beams are ased the platform is made of open 
battens, unless oaat-iion open fbot-ptates are 
specially desired. In Pig. 157 (No. 12) tbe 
beams are of wrou^t-iron rolled H section, 
with a bridge rail rivctted on the top flange, 
and in aome caaea the girdera are strengthened 
by a top and bottom plato rivetted to the 
flanges. This construction is adopted for tra- 
vellers with wroaght-iron beama up to 10 tons 
for 20-ft. ^an, and for 5 and 6 tons up to 30-ft. 
span. It naa the advantage of giving the 
maximum amount of bead room in a mimmnm 
of total height. 

Fig. 15g (No. 9) shows the main and plat- 
form girder of wrongbt iron, rolled H aectioa 
and trussed ; this oouatmction ia adopted for 
light travellere of long apana, where wroneht^ 
iron beams of Ugbt appearance are required. 

Tbe general coostmction of end ciadtes, 
crabs, Ac is the same in all, differing only 
in proportion. 

The cost of a complete set of imnwork and 
chains is abont 30 per cent lesa than for the 
traveller complete wilh troased timber beams. 

The following prices inclnde the chains 
and bloolcB for the nett lift as given above ; if a 
shorter span ia required, the cost per foot does 
not decrease in the same ratio as the span 
decreases. 
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StODB 


Itou 


Gtons 


10 tons 


15 tons 


Span ot traveller 


40 ft 


40 ft. 


10 fL 


40 ft. 


40 ft 


Heightoflifl 












Price of travelUr with otu orabl 












and one platform, and timW- 


£120 


£150 


£170 


£210 


£300 


traf«ed beams 1 












Price per foot extra span to 50 ft. 






£5 


£10 


£11 


Price aa above with wrought-l 


£135 


£170 


£200 


£250 


£350 


Price per foot extra apan t« 50 ft. 


£3 10 


£4 10 


£6 


£12 


£15 




4 tons 


4i(onB 




8 tons 


12t«nB 








200anb.ft. 


800 cob. fL 


430oub.ft. 





20 loos 


25 ions 


30 tons 


40 tons 


50 ton* 


SpanoftrayeUer 

H^htoflift 


40 fL 


40 ft. 


40 ft 






20 ft. 


20 ft 


20ft 


20 ft. 


20 ft 


Price of the trareller with ona orj 














£380 


£460 


£550 






wood-trcsBed bewiu - ..) 












Price per foot eitia n>an to 90 ft 

Price as above wiUi wronght-l 

iioubeiuDB J 


£12 


£15 


£1S 






£440 


£530 


£650 


£750 


£850 


Prios per foot extra span to 50 ft 


£17 


£20 


£23 


£26 






14 tons 


ITtODB 










450 cub. ft 


550 onb. ft. 


600 onb. ft. 


690 cub. ft 
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Fig. 160. 

TravelleTa are made without the platform ^ider. ftnd in Ihia case the pUtfonu is attached t« 

and moves with tlie crab (see Engraving', Fig. 160). Tliis decre^eca tbe total weight of the 
traveller, but the ctab ia moie exoensive, so that the cost is practically the same aa given 
at pR|^ 78 ; more height is required from the rail level, and the Engraving ia given rather to 
Uloatrate the type than to recommend its adoption. 

Where it ia necessary to have the platform attached to the crab either for the purpose 
of aaviiig the dead weight of a platform the whole length of the gantry, ot for other local 
reasons, a platform suspended to the crab by a wrought-iron frame between the main beams 
is preferable ; the platform attached to this frame firat clears the deepest pert of the beoms 
or truss rods, and will work in a height of 4 ft 6 ■□. from rail level and about 7 ft. 6 in. 
total height. The prices are the aame aa the Hand Travellers, seepage 78, 

ntATILLER CBABS. The timber beams and truss rods for travellers required only for 
temporary use can often be constructed at the place where they are ti> be employed, almost 
aa well as if the Traveller were supplied complete, and with great saving in freigl.t and 
carriage; the cost of the crabs (which ia the portion of the work requiring skill in design 
and workmanship) is therefore given. The craba are complete with all motions up to the 
end of the bracket which carries the tumbler shaft, but the coat of no other ironwork, chains 
or blocks is fncluded in theae pricea; these will however be found by reference to the 
index under their proper headings. 

FitlOES 07 TbAVZLLEB CbAB9 only, to be WOREZD FBOH above Oa BELOW. 

Power of crab 

Price, eiclusive of chains or 
Approximate weight .. 

„ measurement . 



£40 ' £4S £55 



15 tons I 


£fi.i 


0: 


m-- 




130 c 


ft,! 
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lily Bimilar to those described, page 73 ; but the handle aud I 

t is repUced by a V. hauling vheel lor an endless cliain or rope ; the brake and pawl 
being oonneoted together and actuated by one cord, the pawl ia lifted when the brake ia 
applied, BJld viae verta. Travellere of Una oonatmotion neceflBsrily do not require platform 
gudeis, but they can be applied at any time and handles subatitnted for the hanling 
wheels. The Traveller, Fir. 162, is of the same type, bnt for loads from 1 to 3 tons, and 
will wort in a very small space, only 3 ft. 6 in. from rail level being required. This form of 
Traveller ia frequently used vith boiler and girder ricetting moobinee, where the men employed 
at the machines can slowly move the work bom hole to hole ; eiao for placing logs on saw 
frames and similar moA. 

The prices include the lifting and hooling diaha fer a height of 15 ft. from floor line. 



Power of crane .. 


1 ton 


2 tons 


3 tons 


4 tone 


Stona 


10 tons 


15 tons 


Span of traveller 
^ihtoflifl .. 


soft. 


80 ft. 


30 ft. 


30 ft. 


10 a 


40 ft. 


joa 


15 ft. 


15 ft. 


15 ft. 


15 ft 


13 ft. 


15 ft 


15 ft. 


Price of traveller for tim- 

ber-tnused beams 


£80 


£90 


£100 


£115 


£135 


£180 


£270 


Price per foot eitra to 

son. 


£2 


£2 


£3 


£4 


£5 


£8 


£10 


Price of traveUer withl' (^ „ 
WTonghtiron beams ..f *'*' " 


£100 


£1IS 


£130 


£170 


£220 


£320 


Price per foot extra tol r^ in 

50 ft., ironwork oompletel " ^" 

Approximate weight .. | 2} tons 


£3 


£i 




£0 


£10 


£12 


2itODB 


Stons 


4tODS 


41 tons 


7 tODfl 


10 tons 




120 eft. 


1*00. ft. 


165c ft. 


ISOcft 250c.ft 

I 


350 eft 



BTSAM-POWXB OOUA.TH CEUTES, Figs. IBS and IfM. This f^nn of travelling crano 
technically called a " Gnliath," is specially adapted for use In station yards, quarries, timber 
and stone ysids, as well as for building bridges or heavy girders ; and as the crane mna 
(In a pair of rails well laid at the gronnd level, no expensive straoture ia required to carry it. 
A crane of this type was designed and made by the Authors many ypara ago for uae at 
the Bnncom Docks, then in conrae of constructinn from the desiguB of Mr. E. Leader Wi11iam& 
and was snhaeqnently altered to work under eonilitioiia where it was neceaaarj for one end 
to run on the ground and the other end on a staging at a considerably higher level, involving 
the Dse of a long leg and a short one. These cranes can be made of an; height or span : 
that illuatrated in Fig. 163 lifts 40 tons and haa a span of 40 ft., with a clear height of 22 
feet. The beams and frames are of wrought iron, and tUe engines, boiler and gear are fixed 
against one of the eide frames ; the load is traversed aoroBa by a jenney and tmvelled longi- 
todinally, lifted by eteajo power, the whole of the motions being controlled by oi 

The Goliath, Fig 164, is of '"' ' "- * '" " " 

are of wrought iron and the e: 
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structure is frequently made principally in wrought iron; the engines, boiler, and gearing 
can be fixed on a leTel with the main beams, as shown in the engraving, or near to the ^und 
line, as may be most convenient: in the latter case, the overhanging weight is carried by 
tie rods to the top of the frame, or by an extra set of wheels running on a third line of rails. 
This arrangement admits of the feed-water tank being used as a platform for the driver, 
and of the whole of the machinery being covered by an iron house. 

The prices are for Goliaths of 40-ft span and 20-ft. high complete, with chains to ground 
line. The cost of corrugated iron housing is the same as quoted for steam cranes at page 21, 



Pbioes of Stbam-foweb Goliaths, Figs. 161 and 162. 



Power of Goliath .. 


5 tons 


10 tons 


15 tons 


20 tons 


Span of Gk)liath 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Height of Gk)liath .. 


20 ft. 


20 ft. 


20 ft. 


20 ft 


Number, diameter, and stroke ofj 
steam cylinders .. .. ../ 


2— 5"X9" 


2— 6"X10" 


2— 7"X10" 


2— 7"X10" 


Diameter and heigfht of boiler 


2' 9"xr 0" 


3' 0"xr 0" 


3' 6" XT' 0" 


3' 6"xr 0" 


Price if constructed with wood-1 
trussed beams and frames . . > 


£440 


£560 


£650 


£750 

- 


Price per foot extra span to 50 ft. . . £5 


£10 


£13 


£15 


Price with wrought-iron beams andl £^gg « q 
end frames > 


£625 


£725 


£850 


Price per foot extra span to 50 ft. . . 


£6 


£12 


£15 


£20 


Approximate weight 


9 tons 


15 tons 


20 tons 


25 tons 


„ measurement 


400 cubic ft 


600 cubic ft. 


800 cubic ft. 


900 cubic ft. 



'} 



Power of Goliath 
Span of Goliath 
Height of Goliath . . 
Number, diameter, and stroke 

steam cylinders .. 
Diameter and height of boiler 
Price if constructed with wood-1 

trussed besims and frames .. / 
Price per foot extra span to 50 ft. . . 
Price with wrought-iron beams and) 

end frames . . . . / 

Price per foot extra span to 50 ft . . 
Approximate weight 

measurement 



j» 



25 tons 
40 ft. 
20 ft 

2— 7"X10" 
3' 6"x7' 0" 
£800 

£18 

£950 

£20 

28 tons 

1000 cubic ft. 



30 tons 
40 ft 
20 ft. 

a-8"xl0" 

3' 9"xr 6" 



£1150 

£25 
35 tons 
1200 cubic ft. 



40 ions 
40 ft. 
20 ft. 

2— 8"X10" 

3' 9"xr 6" 



£1500 








£30 
42 tons 
1600 cubic ft. 



50 tons 
40 ft 
20 ft 

2— 8"X10" 

3' 9"x7' 6" 



£2000 

£35 
50 tons I 
1800 cubic ft 



At a slightly increased cost a steam capstan can be fitted for dragging: stones in quarries, 
moving trucks, &c., or the construction may bo modified to admit of one or more Goliaths 
being driven by a line of shafting in a similar manner to that employed for driving the 
Overhead Power Travellers, described at page 69. This arrangement has been adopted on 
works for constructing the heavy concrete or beton blocks now so generally used for 
breakwaters and harbour work, the power being taken from the engine used for working 
the concrete mixers and block-making machinery ; and the cost is from 10 to 15 per cent, 
lower than for Goliaths having their own engine and boiler. 



STEAM CRANE OV GOLIATH. Another modification is to have a steam crane fixed 
at one end of the framing, as shown in Fig. 160, or a steam portable crane to move from 
end to end on rails on the main beams. This subject has been discussed in many of the 
scientific journals both in this and other countries, with special reference to the various 
works executed by the Authors, and the following remarks are taken from a very interesting 
Paper on " The North Eastern Railway Company's Dock Extension Works at Middlesbrough," 
read before the Cleveland Institution of Engineers in April, 1874, by Mr. A. H. Whipham, who 
had charge of the whole of the works. ** I wish to direct your attention to these cranes, 
constructed on the travelling-gantry system, seven of which will soon be at work, and which 
are the first of the kind erected anywhere, either in this country or abroad. The drawing, 
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No, 16 *, shows generally the features of the scheme. The reasons which led to their adoption 
were the fulfilment of certain requirements of which the following are the chief. 

^^ The lengths of quay bemg limited, travelling steam cranes are a necessity, in order that 
they may be adjusted to suit the varying hatchways of different classes of vessels, and 
able to load ships, the sides of which are from 15 to 20 ft. above the water line at the top of 
high-water spring tides, an advantage which the ordinary type of steam crane travelling 
near the rail level does not possess. It frequently happens thiat no loading or discharging 
can be done at spring tide where these ground cranes are in use, on account of the jib 
fouling the ship's side. Also, to save ktbour, and for general convenience and safety, 
it is desirable that the man driving each crane should be able to see directly into the 
hatchway at all times, thus avoiding an extra man, or in some cases men, on deck to 
give instructions when to lift or lower. 

" These gantry cranes, which are supplied by Messrs. Appleby of London and Leicester, 
fully answer the above-named conditions, and in every way justify the experiment of our 
being the first to introduce them. 

*' The steam cranes themselves are placed on the tops of the gantries on the side nearest 
to the quay. The span of each gantry is 23 ft. from centre to centre of the rails upon which it 
travels. The clear height from rail level to the underside of the girder spanning the 
two lines of railway underneath is 17 ft. 6 in., thus allowing the uninterrupted passage of 
locomotive engines and general rolling stock. The travelling; wheels are 12 ft apart centre 
and centre. The framing is composed of a pair of timber uprights, trussed and strengthened by 
cast-iron brackets, and by two wrought-iron plate girders, which are connected to the timber 
uprights by four wrought-iron brackets. A strong carriage of cast iron, with the necessary 
roller path and the gear tor transmitting the ^veiling and capstan motions, is firmly 
secured between the wrought-iron girders at the side nearest the dock, while the girders 
are planked on the top, so as to form a coal bunker. Gas and water are supplied by 
means of pipes passing up the legs of the gantry, and are attached to the mains laid along 
the quays by flexible tubing. 

** Each crane, with the whole of the superstructure, is designed for a quick working of 
about 3 tons, the maximum with double gearing being 5 tons. 

''The radius &om the centre of the crane post to the plumb line of the lifting chain 
is 24 ft., and tlie jib is fitted with steam derrick motion ranging from 14 ft. to 24 ft 

''The travelling motion is transmitted from the crane engine by gear and shafts to the 
travelling wheels and warping drums or capstans for drawing trucks, the latter being fitted 
into coimtershafts on the inside of the frames, and the whole arranged so that the capstans 
can be driven independently of the travelling wheels. This addition of the capstans, 
for hauling the trucks into position for each crane, is found to effect a large saving in 
time and labour. No horses or locomotive engines are ever employed excepting to bring 
or take away a train-load of trucks." 

The '* Journal of Industry" writes on this subject cu follows:-^ 

•* The introduction of steam cranes adapted and applied to loading and discharging ships* 
" cargoes, has probably effected a more substantial saving of time, labour and money than 
"any other " " ~ * * -> •> ^^ -^ ^ 

" ponderous 

•* that we may regard every improvement 

*• the mercantile world. The crane plays a conspicuous part in the facilities and cost of 

" conveyance, because it grapples more or less successfully with the most difficult operations 

" of transit We do not propose to enter minutely into the general application of improved 

" lifting power, but we desire to point out the importance of an efficient system of steam 

" cranes for loading and discharging cargoes. 

" Messrs. Appleby Brothers, of Emerson Street, Southwark, London, have devoted a large 
" share of attention to this subject, and we are indebted to improvements introduced by them 
** for systems of steam cranes, which, when generally introduc»l at our large ports, cannot fail 
^ to effect an immense saving of time and money. 

•* In a * Report to the Communal Administration of the City of Antwerp on a system of 
** cranes to be employed for loading and discharging cargo at the port of Antwerp,* Mr. C. J. 
*• Appleby exhibits a thorough knowledge of the requirements of a great commercial port, and 
" an accurate appreciation of the conditions to be fulfilled by a system of portable cranes 
" capable of dealing with all varieties of merchandise and different dimensions of vessels. 

« Similar to Fig. 166. 
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'^ * VeBBels frequentinji: the port of Antwerp/ writes Mr. Applebv, * vary bo much in length and 
'* beam that it would be impossible to regulate the distance between fixed cranes in such a 
** manner that there oould be any probability of the total crane-power being at all fully 
" employed, and if it were not, the amount of capital sunk in the unemployed cranes, with 
" their foundations and accessories, would be unproductive. There is, however, the more 
'* important consideration that, whilst eudeavouring to berth ships under the cranes, a certain 
^' length of highly valuable quay-room inevitably remains unoccupied, involving a further 
*' amount of dead capital.' \ 

** These remarks are really applicable to all ports where a considerable extent of dock or 
^ quay offers facilities for vessels of all dimensions to lie alongside. Accepting, therefore, 
** portable cranes as the most convenient and economical for this class of work, it remaina for 
^ us to decide on the form of portable crane beat adapted to meet the requirements of constant 
" work under all conditions of temperature, and at a satisfactory speed on occasions of grreat 
^ pressure. After a careful consideration of the merits of the hydraulic and compressed-air 
** systems, Mr. Appleby rejects them in tavour of the type of crane carrying its own steam 
*^ power. Of poitable hydraulic cranes he speaks with the utmost fairness, and we believe 
** that be is fully justified in confessing that their failuie hitherto has been *■ due more to 
** defective design or constructiun than to any ditficulty really inherent in the system.' 

*' But low temperatures interfere with the working of hydraulic power; and for this 
'* reason alone they cannot be recommeuded in northern latitudes. Atmospheric cranes are 
"■ justly dismissed from conbideration as too complicated and costly. It is possible that such 
^ improvements may be effected in both hydraulic and atmospheric cranes that these objections 
*' may be removed ; but we have to deal with actual facts and results rather than vague 
*' theories and conjectures. The question of supplying quays and docks with mechanical 
** appliances for the prompt loading and discharge of cargoes, is really a matter of national 
** importance. The loss incurred by every day's delay in the performance of this work is 
*' distributed over a large number of people ; but if accurately estimated, the total would be 
•• surprisingly large. 

*^ Munufaeturers, shipowners, merchants, dock and railway companies, dealers and 
'^ customers, all suffer more or less by the delays consequent on an ineffective system of loading 
*^ and discharging cargoes. Mr. Appleby believes— and experience certainly justifies the 
*^ belief — that portable cranes in which steam power is employed directly, are prefeiuble to 
'* those in wMon it is converted into hydraulic force. 

'' ' The construction,' he says, * first mentioned has been employed to a limited extent, and 
*< has given more or less satisfactory results; but I avoid that construction, because, in addition 
** to the inconvenience already referred to when working in cold weather, the conversion of 
** steam power into hydraulic force involves a certain loss of power, which, together with that 
'* incidental to a column of water passing at a very high pressure through the small area of the 
** inlet valve, is greater than is incurred in working spur-gear of good design and proportions ; 
" and there is me further, and to my mind very important, disiadvanta^e that the engine- 
** power is not available for some of the operations performed by cranes which 

** * 1. Lift and lower. 

'* • 2. Turn completely round in either direction simultaneously with the lifting or 

•* lowering. 
'* • 3. Alter the radius by raising or lowering the jib head ; and 
*• * 4. Travel along rails by steam.' 

*• All these motions being easily worked by one man, who attends to the boiler. 

" This type of crane will perform probably about 80 per cent, of the work of the docks ; 
" but for dealing with the car^o of the largest class of seagoing vessels, which, when empty, 
** will rise to a considerable height above the level of the quay, a difterent construction is 
"necessary. 'The overhead steam crane, similar to that designed by Messrs. Appleby 
•* Brothers, and erected by them at Middlesbrough Docks, meets the requirements of the 
'* largest vessels, and enables the smaller cranes to pass to and fro beneath. The success 
" which attended the operations of this system has led to its adoption elsewhere. In South 
'* America, as well as on the continent of Europe, modifications suitable to the class of work to 
'* be performed have been introduced. 

*' ' At Gallao, gantries are fixed at intervals, so as to work at least two hatchways of the 
** vessels frequenting each berth ; the jetties are about 80 ft. wide, and there will be a range 
** of warehouses below each gantry parallel with the lines of railway on each side. The cranes 
" travel by steam aoboss the qantbies, and will load or discharge from the warehouses, trucks, 
'* or veflsels on either side of the jetty, as may be required. 

'* < On the Continent of Europe cranes of a lighter type, mounted on a timber gantry, are 
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** found ample for the work to be performed. The machinery and ironwork are usually 
'^ prepared in England, and are fixed to the timber framing, which is made on the spot ; 
*' assuming the cost of timber work to be the same as in England, there4is at least the saving 
in freight and duty.' 

** As to speed of working the overhead steam cranes at Middlesbrough, we are informed that 
" as much as 50 tons of pig iron have been shipped per hour by each crane ; but of course much 
must depend on the facilities for bringing goods to the crane, and on the character of the 
goods themselves. 

** The docks at Middlesbrough were constructed by the North Eastern Kail way Company to 
meet the pressure of an increasing shipping traffic The usual types of. steam and hydraulic 
cranes then in general use failed to afford entire satisfaction to the dock authorities. They 
^^ did not fulfil all the conditions demanded by a large traffic with vessels of all dimensions, the 
" sides of which were sometimes 15 or even 20 ft. above the level of the quay. It was 
** accordingly determined to submit the conditions to the engineering world, and to see what 
** plan could be devised to secure an economical and effective system of cranes capable of 
*' grappling successfully with the heavy work of these busy docks. The design submitted by 
" Messrs. Appleby Brothers promised to overcome every difficulty, and to satiny every require- 
'* ment. It was accepted. The splendid system of cranes which we illustrate was completed, 
'* and their performances have surpassed the most sanguine anticipations of the dock authorities. 
*' They have really afforded a valuable lesson for dock authorities in all parts of the world, and, 
** with modifications, they are applicable to the wants of all large ports. 

'' Our valuable contemporary, Engineering, has thus described these grand mechanical 
** appliances : — 

•< < The travelling staging or gantry of each crane has a span of 23 ft. centre to centre of 
rails, one of the latter being laid close to the edge of the quay, and the other in the 6 ft. 
'* between rails. The clear height is 17 ft. 6 in., which allows the uninterrupted circulation of 
^ locomotives and all kinds of rolling stock on each of the two lines of rails which are spanned 
'* by the gantry. The travelling wheels are 12 ft. centre to centre. The framing is composed 
*^ of a pair of timber uprights, braced and strengthened by cfist-iron brackets and two wrought- 
*^ iron plate girders, which are connected to the timber uprights by four wrought-iron plate 
^' brackets, strengthened with angle irons. A strong carriage, with the necessary roller path 
" and brackets for the gear required to transmit the travelling motion, which will shortly be 
** referred to, is firmly bolted at the extreme end of the girders nearest to the dock, while the 
** girders are planked over so as to form a store for coal and water. The crane and the whole 
*^ of the subslxucture is designed for a working load of 5 tons at the maximum radius of 21 ft. 
** from centre of crane-post to the plumb-line of the lifting chain ; while the crane itself is of 
'* precisely the same construction as those which have given satisfactory working results else- 
^ where, with apparatus for altering the radius by steam from a maximum of 21 ft. to a 
'^ minimum of 14 ft. 
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The travelling motion is transmitted from the crane-engines by suitable gear and shafts 
'* to the travelling wheels, and warping drums or capstans are fitted on a countershaft 
** on the inner side of each frame, so that these warping drums can be driven independently 
** of the travelling wheels, and they are used for moving the trucks into position below the 
** crane, as they are required for loading and unloading. This simple addition is found 
** to effect a very large saving in manual labour and time, which, it is estimated, amounts 
** to at least £300 per year, because, without this appliance, horses and locomotives must 
**be kept constantly employed, invciving working expenses and wear and tear, in uddition to 
^ the maintenance of the road, whilst with the capstans the trucks are brought into position by 
*' the men in stowing and slinging, with no further wear and tear of roitd than that due to the 
** papng load. As it was decided to adopt this system of crane throughout the dock, the two 
**^ lines of rails spanned by the gantry are laid with crossings at such intervals as will admit of 
** either line being used for full or empty trucks, or in fact partially for both purposes if 
** desired. 
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Another great advantage which has been demonstrated by practice is, that the cranes can 
" be so readily concentrated at any point where they may te required ; and, indeed, as 
" is shown in the engraving, three of these cranes are brought to load a long screw steamer 
** having three hatchways. 'Fhis is evidently a most important consideration with owners and 
'* shippers, especially under circumstances which so frequently arise where great despatch is 
•• essential. Or two cranes can be brought together for any exceptionally heavy lift. The 
*' cranes were tested with the maximum working load of 5 tons, and subsequently for ppeed, 
** when each crane delivered 50 tons per hour from the trucks into the steamer's hatchway.* 

** It will be manifest to our readers that such a system of steam craues must be applicable 

p 3 
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" with great advantage to many other porpoaea beaide those of dock work. Stone quarries, 
" railnaj Btationa, ana large foctories and dep5lfi Laving railway cotnmauictitioli, \Kiiild And tha 
*' syBtiim a valnable means of eoonomUing labour, and ensuring greater despatch in the delivaiy 
" of heavy goods." 



FuioB List 


07 GoiJATH Cbadbb, Fig. 163. 




Power of crane 


Stons 


StODS 


7 tone 


10 tons 


Maximnm radios of crane .. 


18 fL 


20 ft. 


20 ft. 


20a 


Sp»Qofg^try 


. 25 ft. 


25 ft. 


26 ft. 


25 ft. 


Clcor height under beams .. 


14 ft. 


Uft. 


Uft. 


14 ft. 


Price with timber framing , , 


£600 


£750 


£900 


£1100 


Eitra price per foot spaa up to 35 ft. 


£10 


£12 


£15 


£20 


Prioe with wrought-iron framing .. 


£700 


£gSO 


£1000 


£1200 


Extra price per Toot span up to aS ft 


£15 


£18 


£20 


£25 




£20 


£25 


£28 


i32 




IN tons 


231008 


KOtonB 


35 tons 




700 oobio ft. 


900 cubic ft. 


1100 cubic ft. 


1400 cubic ft 



The cranes have atesio derrick motion to the crane jib, travelling motion to gantry, &nd 
single capstan on the gantry frame. If the crane ie moved from end to end by power, the prices 
are about 10 per cent, extra. If with hand'travElliog motion to gantry and without capstai^ 
but the craoe moTiug from end to end on the gentry, the prices will be the same as list 



EAnt-TOWKB GOLIATHS, Cranes of this constcuction are econoinioal in flrat cost, and 
ue nsefnlly employed in railway italion yards for moving hettvy packages and for lifting loco- 
motives, carriage*, and waggons off their wheels for eiaminBtiin or repair. The same type of 
crane, but Sited with travelling wheels and gear, is lariiely used (especially on (be Coatrnent 
of Europe), for the purposes above named, as well as for li ting and traveiBing heavy girdeis, 
whether under construction or erection, ami for siinilar porposea on publia works, in atone and 
timber yards, Ac. The height and width given in the subjoined list is ustially amjili!, but these 
propoitiona can be varied ti> almost any extent, and the necessary data is given for aacerlaiDing 
the approximate value of almost any apan which may be required. The timber used is gi^oerally 
pitch pine or beat Memel, and for the Goliatha made entirely of iron, rolled wioaght-iwn 
gilders are naed for the smalkr sizes, and lattice or plate girdera for the larger sizes. The fixed 
Goliatha have a crosu-travelliDg motion, single and double-pnrohaae lifting gt-ar of ample 
strength, handlea. brake, pawl-wheel and pawl, and chaina to reach to ground line. The 
portable Ooliaths are fltl«d with wheels, gear, handles, &c. (for travelling along a line of rails), 
ID addition to the motions above naoied. 
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Peiobs of Hand-power Goliaths, Fig. 165. 



Power 

Bpan 

Clear height 

Price with fixed timber frame . . 
portable timber frame 
fixed wrought-iron frame . . 
portable wrought-iron frame 



«f 



*f 



n 



» 



>» 



5 tons 
30 ft. 
20 ft. 
£170 
£200 
£200 
£250 



10 tons 
30 ft. 
20 ft. * 

£210 

£270 

£260 

£390 



15 tons 
30 ft. 
20 ft. 
£300 
£400 
£370 
£500 



20 tons 
30 ft. 
20 ft. 
£380 
£480 
£460 
£580 



25 tons 
30 ft. 
20 ft. 
£460 
£570 
£550 
£6y0 



The oost of Goliaths of longer span may bo approximately ascertained by adding the same 
extra price per foot as is given in the list of prices for overheat! travellers of equal power. The 
cost of ironwork only, ready to fix to timber, is about one-third less than for the Goliath with 
timber frame complete. 

TITAH, Fig. 166. Probably in no branch of mechanical science has greater progress been 
made than in the design of appliances specially adapted for dealing quickly and economically 
with those ponderous blocks of stone or concrete now and for some years pest used in the con- 
struction of breakwaters, harbours, and dockd ; and, although it is not wimin the scope of this 
article to record in detail the improvements which have so rapidly followed each other in this 
clans of machinerv, it may be interesting to refer to some examples, and to the conditions under 
which they have oeen successfully employed. 

The timber staging (often ccyastructed under great difficulties, due to the nature of the 
bottom, bad weather, &c), which lormerly was almost invariably used, was carried considerably 
in advance of the works, but in many instances this became a total wreck, and the work has 
had to be gone over again, causing great delay and extra cost ; even those remarkably fine 
examples of staging used in the construction of the Dover Harbour under Sir John Hawkshaw, 
and the Tynemouth Harbour works, designed and carried out by Mr. Messent, were swept 
away and had to be reconstructed. 

The object of the crane appropriately called a *' Titan," is to lift blocks of from 20 to 30 
tons' weight from the trucks and place them in position in advance of the finished work, and 
thus to dispense entirely with the use of staging; it was first used for this purpose in the 
Manora Breakwater. The Titan, illustrated in Fig. 167, fulfils all the conditions indicated 
when tenders were invited for the work. 

Those conditions were, that the blocks, each weighing 27 tons, should be lifted, traveri^d 
out. and placed in position 25 feet in advance of the point of support afforded by the finished 
work. The main framing is made throughout of wrought iron, and travels on a pair of rails, 
22-ft. gauge, which were carried on blocking pieces up to the front face of the work, as f-hown 
In the engraving ; the iieight from rail level to tlie upper side of the projecting girders is 20 ft. 
The lower members are of box-girder section, and are fitted on each side with two pairs of 
wheels placed close together, fore and aft, travelling on the rails above named, and the front 
group can be relieved of the strain due to the weight of the block, by powerful short-stroke 
hydraulic jacks placed xmder the front end of each girder. 

The engines are 2 7-in. cylinders with link-reversing motion; the boiler is of the 
vertical type, and the several motions for lifting and traversing the load and for moving the 
Titan are transmitted by suitable shafts and gear with the necessary clutches and levers. The 
engine and boiler are mounted on a platform laid on the transverse girders, tying the two 
frames together ; a pair of wrought-iron tanks capable of holding 30 to 40 tons of water ballast 
are fixed over the trailing wheels and form part of the framing. The cost of the Titan is 
£2500, the weight 85 tons, and the duty, 6 blocks laid per day, allowing for the time required 
for -the divers to place the blocks under water. 

The cost of the 10 trucks, which wer^^ required for bringing the blocks from the drying 
ground, was £180 each, and the weight 7 tons each 

A convenient form of Goliath for lifting the blocks, after they are dried and are required for 
use, is one with a direct-acting hydraulic cylinder and ram of the stroke required to lift the 
block on the trucks, the ram and cylinder being mounted on a travelling jenny with an engine 
and boiler of suffloieiit power to give the travelling motions and to work the hydraulic pumps. 
The cost of this for 60-ft. span is £1150, and the weight 30 tons. 

Since the work aboVe referred to was designed it has been foun4 necessary to use blocks 
weighing 40 tons, and the Titan for laying them has a swinging jib of about 50-ft, radius, 
carried on a frame somewhat similar to that already described; the jib is provided with 
swinging gear, and describes an arc of about 190°, and will lay stones across a face nearly 
100 ft. wide. 



APPLEBY'S HANDBOOK OF MACHINERY. 



HOISTING MACHINERY.— Section 2. 93 

Admirably as these arrangements are adapted for conditions under which they have been 
nsed, other conditions require machinery of an entirely different character. At the large 
harbour works at Alexandria, now nearly completed, the concrete blocks were made at Mex, 
across the bay, and were conveyed from the block-making ground in barges which were towed 
by a steam tug to the various points where they were required ; the blocks weighfif^flibc'^t 
30 tons each, and were lifted out of the barges and deposited, often in deep water^lb^JI^StMl^ 
steam derricks, an improved type of which is illustrated and described at pages 17 antfB. r ; 

An inexpensive but efficient arrangement was adopted by Sir Charles Hartley, ^thop^o^s ^ 
of the Danube Improvements, for depositing the 20-ton blocks, which were largely .vsed.'^. 
This consisted of ^ pair of masts stepped into the forward end of a large barge an4 tied Jbac^ ' 
att. A pair of strong blocks were hung from a link at the head of the masts^ atid.the ciairf 
carried back to a powerful winch, which in this case was driven by cross and open sln^psfrdm^^ 
a small steam engine. The cost of the blocks, bridle and winch, with pulleys, was onfy ^llfiO.' V 

It will be unnecessary further to trace the varied character of the machinery emplpyed j:^ 
the large works carried out in different parts of the world within the last few yeal^.- ifoi s(me, 
cases it has been necessary that the work should be executed in the shortest time posisAne^wiHuj' C^. ' 
a relatively large outlay in plant, whilst in others it has been essential that this it^^m^coM^ j 
should be kept low, or the work distributed over a long period ; hence the meohamcal ap^mbnceqiA^^ 
have in nearly every case been specially designed for each undertaking. ^< ^- ^^^ ^ 

The machinery for making concrete blocks will be found at Section 5, 

8EEAB LEGS OB MASTING 8H8AB8, Fig. 168, are chiefly used in dockyards and 
marine-engine works, and the great height they will lift above ground line renders them 
invaluable for placing on board the engines, lioilers, machinery, guns, masts, &c., required 
in the equipment of vessels. The reach over from the quay line is regulated by the back leg, 
and the vessel is warped ahead or astern until the position is obtained for lowering the 
load in the place where it must be deposited. This kind of crane can be constructed for 
any given height or load at less cost than a swing crane of equal power, but having motion in 
only one direction — frdtn the quay outwards — ^it is only availaole for loading or unloading 
vessels afloat or vehicles on wheels. 

The legs are usually built up of wioaght iron, either square or cylindrical, hollow in 
section, and made in lengths which are rivetted up ^rith butt strips inside and flush rivets ; 
the legs taper fix>m the centre to the ends, which g^ves a light and neat appearance. The two 
front legs are jointed at their lower ends into a pair of heavy cast-iron shoes, which are secured 
to the masonry of the quay wall ; the bottom end of the back leg is jointed to a massive 
slide block working in a pair of cast-iron guides, which are also firmly fixed to the masonry at 
some distance back from the front wall of the quay, and the three are united at their upper ends 
by a massive cap and joint pin to which two pairs of blocks are attached, one set for light 
loads and the other for the maximum load. The single chain from each set of blocks is led 
back to the gear placed in the rear of the back leg, and a small steam engine and boiler 
(about 12-horse power) give the motive power required for lifting and for traversing the 
back leg. The machinery referred to and illustrated, JB^g. 168, is of 60-tons power ; the length 
of the front legs is 90 ft., and the back leg 120 ft ; the reach over from quay line is about 
37 ft. ; and the cost, ready for erection, is about £8300. The weight is about 100 tons. 

Shear legs for lighter loads, and of a cheaper construction, are made mainly of timber, 
and are adapted to work by hand or steam. For unloading locomotives the lifting power is 
30 tons, and the maximum reach over is 25 ft. when 45 ft. high. The cost of tiie Shears 
complete is £1000, lEind the weight about 35 tons. The cost of a complete set of ironwork 
is £600. The cost of a similar set of Shears, but of 15-tons power, 15-ft. reach, and 25 ft. 
high, is £500. 

The back leg in this arrangement terminates in a strong screw which works through a 
nut and is geared to the hand or steam winch ; this nut is carried in trunnions, and so maintains 
its central position as the back le^: is altered in length. The back leg is coupled at the 
junction with the screw by a pair of radius bars or frames. 

COALING DXSBICXS. The introluction of steam into our ships of war, mail steamers, 
merchantmen, and colliers, necessitates the provision of coaling stations or depots, at various 

Sorts at home and abroad, and the construction of ** Coaling Derricks ** as tiiey are called, 
as received considerable attention. The usual plan is to provide a hull of great tonnage 
and capacity, often the dismantled hull of a man of war, or of a large vessel past active 
service, and to fit this up with a complete system of cranes (either steam or hydraulic) 
to cheaply and quickly discharge coals from sailing ships or screw colliers into its hull, and 
as quickly to put them on board the vessels requiring to be coaled. The cranes are usually 
of about one-ton power, fixed on each side of the hull, so that steamers or ships can be 
put alongside on both sides of the hull ; these cranes are fitted with swing jibs worked by power, 
and weighing apparatus when desired. All the cranes are worked from one set of engines and 
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boilers placed in the hull, and such is the fdcility afforded by a properly-equipped Coaling 
Derrick that a 1000-ton steamer can be discharged in a few hours. 

Coaling Derricks for use at home are generally fitted vdth screening apparatus, so that 
the coals can be taken from tiie hold of a steamer, weighed, screened, and discharged into 
barges lying alongside, at one operation. 

COAL TIPS. The arrangement above described is that best adapted for dealing with 
sea or water-borne coals, but for coals conveyed by rail fur shipment at a port or dock, at 
all heights of tides, and into ships of all sizes, without breaking the coals by any unnecessary 
height of fall, considerable difficulty is incurred, and other arrangements must be adopted. 

If the coals are delivered at the quay at a considerable elevation, as is sometimes the case, 
the trucks are run on a tipping cradle at that elevation ; this cradle is nearly counterpoised by 
balance weights attached by chains to the cradle, and working over pulleys, the controlling 
power being a powerful brake on the same shaft as the chain pulleys. When the brake 
is released the truck will descend until tiie back part of the cradle comes in contact with stops 
which can be fixed at any required elevation, and the front end of the cradle then will continue 
to descend until the required angle is obtained for discharging the contents of the trucks 
into the ship; the balance weights under the control of the brake restore the truck first 
to its horizontal position, and finally, to the elevation of the rail. 

But it frequently happens that the rail level on which the trucks are run is much below 
the deck of the ship ; it then becomes necessary to raise the loaded truck before it can be tipped 
into the hold of the vessel: this is usually Hccomplished by a tipping cradle lifted by a 
hydraulic ram of sntticient power and stroke fur the maximum load and height of lift required ; 
the truck having been run on to the cradle is then lifted to the desired height ; the front end of 
the cradle comes into contact with adjustable stops, and the ram continuing its course, raises 
the cradle to the desired angle for discharging the contents of the truck ; or in some cases a 
separate ram and cylinder are used for the tipping operation, and a compensating cylinder is 
attached to return a portion of the water back into the pressure mains by the lowering of 
the empty truck down to rail level. A truck with a 10-ton load can be put on the crsdle, 
lifted, tipped, and returned to the rails in two minutes. . 

A very useful set of machinery was constructed by the Authors for the Dutch Rhenish 
Kail way Company, for use at Amsterdam, where the water level and height of barges is constant. 
It consisted of a cradle jointed on the fender pile, and in a pit below the cradle was placed 
a 9-in. hydraulic ram and cylinder with a stroke of 6 ft. ; this cylinder was hung in a pair of 
trunnions near its top end, and the ram had a spherical end working into a suitable socket on 
the under side of the tipping cradle, forming a ball and socket joint ; the rails were curved on 
the front end of the cradle for the wheels to run up against, and when the truck was put 
on and the pump started, the ram lifted the cradle to the necessary angle to discharge the 
coals into the barges, the waggons having drop ends, and carrying 12-ton loads. The power 
was supplied by a double-cylinder engine and vertical boilt^r of the type shown in Fig. 24, 
and was fitted witiii a double-action hydraulic pump, 3-in. diameter by 12-in. stroke, working 
direct into the cylinder, a relief valve being provided so that the ram could not be forced 
beyond a given point out of the cylinder. This engine was also fitted with capstan ends 
for shunting the trucks backwards and forwards on to the tip, and swinging them on the- 
turntables ; this was done by a tow rr>pe and leading pulleys fixed at various points, and the 
rope led on to the capstan. T^^elve trucks are easily shunted and discharged per hour, and the 
cost of the whole of the machinery was £500. 

Another and still more simple form of tip has frequently been constructed by the Authors. 
Several are at work at the Ebbw Vale Company's wharf at Watchet, and are used for dischaig- 
ing hematite iron ore into the shipe in the harbour. In these tips the cradle is altogether 
dispensed with ; the trucks are run up against a pair of curved rails, and a cylinder and ram 
on trunnions is used, similar to that aoove described, but with the top of the ram fitted with a 
wrought-iron fork to lay hold of one of the axles; and as the ram ascends the truck is tipped on 
the other axle, the wheels of which form the fulcrum, the curved rails keeping the wheels from 
moving. Four of these tips (two on each side of a stone pier) are worked from one small hori; 
zontal engine with cylinder 9-in. diameter by 18-in. stroke, fitted with direct-acting hydraulic 
pump of the same stroke as the engine ; and when the engine is not pumping into either 
cylinder it pumps through a relief valve back into the supply cistern. This engine also drives 
a vertical capstan by underground shafting and strap, fixed in a convenient position relatively 
with the four tips ; a treadle being depressed b^ the attendant's foot, the strap is shifted on to 
the fast or driving^ pulley, and on removing his foot a counter weight takes the strap back on 
to the loose pulley. A vertical boiler is used for generating steam for the engine, and the 
whole cost of the machinery for the four tips, including four strong wrought-iron shoots, with 
oounter-balance weights, crabs for lifting, and steam and hydraulic connections, was £900. 
This arrangement has given very good working results. 

The same form of Tip could be worked from a small accumulator, and would give a rather 
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increased speed of working, and possibly a little economy in engine power, but the first cost of 
the machinery would necessarily be higher. This could in some cases be compensated by 
utilisins: the power of an engine employed for other work, the water power being readily 
transmitted to a considerable distance without appreciable loss. 

Witi^ Welsh or any highly bituminous coal which is very liable to breakage, tipping, unless 
carefully conducted, causes so great a loss in the commercial value of the coals that it has posi- 
tively been found more remunerative to ship them by hand Atbour in barrows than submit them 
to ordinaiy tipping. To avert this it is now the practice to put the first layer of coals into the 
hold of a ship by drop-bottom boxed and a crane worked from the same power as the tip, until a 
cone or pyramid is formed reaching the deck, after which the shoots are carefully adjusted to 
tip on to this cone. These shoots are also fitted with a screening arrangement and a sort of 
baffle at the point, so that the coals will not run out until they are trinmied down the hold. 

STEAM im OB HOIST, Fig. 169. Vertical lifts of this type are of great service for 
transporting goods from floor to floor of warehouses. The construction usually adopted is to 
fix four verti<»l square guide timbers, which pass through the various floors and are firmly fixed 
to them ; if the floors are of considerable height, the guides are diagonally braced. A wrought- 
iron frame or cage (and in some cases only a platform) is fitted to and guided by these timber 
upright8 ; a framework is fixed on the top for the purpose of carrying the chain sheaves and 
balance-weight sheaves, and over these pulleys chains are passed from the cage to the chain 
barrel of the steitm hoist, which is illustrated on a larger scale (Fig. 106) and fully described at 
page 9 ; from the opposite side of the chain barrel another chain is led over the top pulley 
to the balance weight, so that as the chain attached to the hoist is wound on the barrel, the 
chain to the balance weight is run off. 

The hoist is fitted with reversing motion, which is worked from each floor with a single 
lever only. 

Where a great quantity of work is required, there are two cages or platforms which balance 
each other and dispense with the necessity for balance weights; iu that case six upright 
timbers are used for the framing. 

This form of lift is sometimes fitted with safety apparatus to sustain the* cage if the chain 
should break, and with self-acting gear for stopping the cage automatically at the top and bottom 
of its travel ; this is always done when the lift is used for passengers, and if desired it can be 
worked from the inside of the cage, the attendant travelling up and down each time with the 
lift. This is considered an extra element of safety, as a special attendant will naturally pay 
proper attention to the working of the hoist. 

The steam for supplying the hoisting engine can be taken from any boiler on the premises, 
and several are frequently worked from one boiler. If a boiler has to be provided specially for 
the lift, it is usual to place it in a yard, or in some cases on cantilevers fixed to the outside of 
the wall, so as not to affect the rate of insurance against fire. 

Lifts are also often fixed outnde a building in front of the loophole doors, the engine and 
boiler being at the bottom of the framing. The cage is brought to a level corresponding with 
that of the carts or vans, and the contents are discharged directly into the cage and are raised 
to the level of any floor without further handling. 

Hoists of these types have been designed and erected by the Authors for the East and West 
India Docks, &c., but the conditions vary so much that it is impossible to give general prices. 
In some cases it is required that the work should be made complete, including brick and wood- 
work, boiler power, &c.y whilst in others this is done by the purchaser ; and, again, almost every 
lift vaiies in the size of cage, height of lift, and weignt to be lifted. 

EYDSAULIC HOISTS. The form of cnge shown in Fig. 169 csin be worked by hydraulic 
machinery identical to that illustrated at Fig. 124, p. 86, for working an outside crane jib; but 
the turning cyHaders are of course not required. If the loads vary much in weight, and the 
height of lift is also considerable, a three-cylinder arrangement would be advisable, for the sake 
of economy, as explained in the remarks on Whurf Grants, Fig. 123, at page 34. 

HTDSATTLIC DIBEGT-ACTIOK HOIST, Fig. 170. This system is preferred to all others 
for passenger lifts, on account of the smooth and noiselei^s action and the almost absolute 
impossibility that any derangement should occur suflicient to cause an accident. It consists 
of a hydraulic cylinder equal in length to the height of the diesired lift (sometimes 70 fL 
and upwards), placed vertically in a well or bore hole, and a ram of area proportionnte to 
tJie work to be done and the pressure of water available. The cylinder is fitted with a 
gland or leather collar, and on the hciid of the ram rests the cage or ascending room, which is 
guided by suitable guide timbers. The motion is regulated by an equilibrium valve, admitting 
the water into the cylinder or letting it run to waste. The valve can be controlled from a 
rod which passes down one comer uf the lift, and only requires a gentle pull to stop at any 
desired floor or to start again. 
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These lifts are always fitted with compensating counterbalances, exactly equal to the 
weight of the cage and the ram at all points of its stroke, ensuring the utmost economy of 
water in working. The water pressure is obtained in various ways, from an accumulator of 
the kind described at p. 35, and into wiiich the water is forced by steam power and pressure 
pumps, one accumulator being used for working a number of such lifts together with cranes, 
capstan engines, dock-gate engines, &c., or it may be taken directly from the water company's 
mains, if there is a high-pressure service and the water may be used for such a purpose : but in 
London and in many large towns the companies appear studiously to restrict the use of water 
for lifts, small water engines, &c.; whilst in Leeds, Bradford, and other towns in that dis- 
trict, where this privilege can be obtained, many water engines, lifts, &c., are used with manifest 
advantage to the consumer and to the water company. 

To obviate the inconvenience experienced trom a defective water supply, recourse is had to 
a tank placed at the highest elevation available, supplied by a small pump and steam engine ; 
and after the water has been used, it flows to a low-level tank and is again lifted up into the 
high-level tank, the same water being used over and over again. The supply in the first instance 
is obtained from a well or the company's main, or from some source near the surface. 

The Lift, Fig. 170, is erected on tlie premises of Messrs Gooch and Gousens, of London Wall. 
The asoendiog-room is 6 ft. by 6 ft. and 7 ft. high ; the room has seats on three sides, and will 
take twelve persons at one time, and is fitted up like a first-class railway-carriage ; the roof is 
of glass with a lamp in the centre. Tlie sales are held on the top floors of these spacious ware- 
houses, which are about 40 feet above the ground floor, the light being so much better there 
than on the lower floors, and the lift is u^ed to carry the wool-buyers to and from the side- 
rooms, or to any floor of the warehouse. The whole of these warehouses have been fitted with 
cranes and machinery by the Authors' firm. 

The cost of the machinery, including large top and bottom tanks, mains, steam pump and 
boiler for same, was £860 ; and the cost, including the necessary timber work, sinking cylinder, 
and erecting the whole, was £250. 

This Mnd of lift is used in many of the best hotels as well as in public buildings, hospitals, 
and offices, and even in the large private offices and blocks of buildings which are now erected 
in commercial towns. A man in charge of the lift makes the full ascent and descent about 
oDce every two or three minutes, including stopping to let out or take in passengers at any of 
the intermediate floors. 

The Authors have erected lifts of this kind for use in several royal palaces, the ascending- 
rooms being 10 to 12 feet square, and luxuriously fitted and decorated. 

A similar form of lift is also much used for banks, to take up the books and bullion from the 
strong rooms in the basement to the first and second floors, and many are now working with all 
Mnds of pressures, each giving excellent results ; of course the greater the pressure available, 
the loioer will be the. cost of the lift for a given load and height ; but the conditions are so verv 
varied that a tabular list of prices cannot be compiled ; but a bank lift equal to 12 to 15 cwt., witn 
a 12-ft lift, working with 60-feet head taken from a tank fixed on the top of the building, and 
supplied by the water-company's mains, costs about £130. including erection in London. 

Where no head of water is obtainable either directly from mains or from a tank, the ram is 
lifted by water being pumped into the cylinder by a pair of pumps fixed on a cistern, and 
having about the same capacity as the cylinder ; ihe pumps are worked by hand, and being 
double, a steady, rnnooth, safe, and noiseless motion is obtained, these conditions being most 
essentLil in a bank or office. A vaiiety of powers can be given by altering the stroke of the 
pumps, or working one or both at once, and the lowering is perfectly controlled by a small 
relief-valve, which allows the water to flow back into the pump cistern ; the top of the lift often 
forms the iron door to the opening and if the water is confined by the valve in the cylinder, it 
securely locks the opening to the strong room, without any other locking apparatus. This 
construction is adapted for lifts with a small diameter of ram and cylinder. 

LDTT BBIVEN BY SHAFTIKO, Fig. 171, for use in fiEictorieg, works, and wairehonses, where 
power can be taken from existing shafting. 



Power of lift .. 


10 cwt. 


15 cwt. 


20cwi 


Height of lift 


bOft. 


30 ft. 


40 ft. 


Size of cage .. 


3x 3ft 


3 X 3ft. 


4x4ft. 


Price,ready for erection,excl usive of timber work,&c. 


£65 


£80 


£100 


„ with safety apparatus 


£15 


£20 


£25 


Approximate weight 


40 


50 


65 


„ measurement 


60 


90 


110 
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HAHD-FOTES litis, Figs. 172 and 173. In wareliouBeB, hotels, &o., 
nui hydriLUlit: puwer is available, and wLtle the nork ix not of Eulticteot 
, potling d< 

Lifta ibav 
will be fo 
nod eoaj 
ever; eip 
reduce Ui 
voik them. 

Fig. 172 is desigoed to fii 
againat a. wall ; the guides are 
Ibrmed of tubes, and for lifts of 
small aize and power this is a 
neat nrrangoraent. The Illus- 
tiatioD 19 laken from eome lifta 
' erMted in ISfiS in the Iben new 
premises of the London Printing 
and Publishing Company, and 
have been in work oonatentiy 

The power is obtuined by 
the man hanling at an endless 
rope whii:li worka over a grooVed 
wheel, the rope phasing Ihrough 
all the floors, ho that the Uft 
can be wrought from any floor ; 
this hauling wheel ia keyed tos 
shaft which carries the pinion 
and brake: the brake is ar- 
ranged BO that it is always in 
action unless taken off by the 
atl^dant. The brake cord 
passes throngh all the Boors 
alongaidothehauliTigfopo. The 
pinion gears iiite a spur wheel 
on the same (haft as the chain 
wheel, and the whole of the gear- 
ing U carried by a pair of caBt- 
iron biBcketa. 

The top of the guide tubes 
are supported by a neat entab- 
lature aa shown, and the frnm- 
ing of the cage is conBtracttd 
wholly of wroug)it iron lined 
with boards on three sides, either 
half way up or to the top ; the 
lilts under conslderHtiou are 
constructed to carry loads of 10 
cwt. The height U 20 ft. and 
the cages are 3 It 6 in. x 3 ft. 
6 in. X 6 ft. high. The coet of 
the whole of the ironwork ready 
for erection is £40. 

TheLift,Fig.l7S,iathetype ' 

naually adoptea for larger eizes : 

the guides are formed of aquare 

timMr flrmly fljed at each floor 

line and to the bottom floor, the 

upper ends being secured to (he 

tie beams of the roof or fiamed 

together to carry the gearing; 

thia consists of a Vwhed of large 

_j^ ,__ diameter, set in motion by the 

ri^. ii£. endless hauline rope. On the 

shaft canying thia wheel ia fltted the brake and spur pinion, the latter gearing mto a large 

spur wheel ; the ahaft on which this wheel ia flxed also carricB the chain or rope wheel over 
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which passes the rope or chains the ends being attached respectively to the cage and balance 
weight. This weight is generally made tu counterpo se the empty cage and about 1 cwt. in 
excess, so that by releasing the brake the lift will ascend without the attendant hauling on the 
rope, and when lifting the maximum loads this arrangement reduced the work performed by 
the man to that extent, whilst it is particularly handy for lowering goods. 

These Lifts can be fitted with a safety apparatus when required, which will arrest the cage 
from falling, should the rope break ; the extra cost is given in the subjoined price list. It is 
often the practice to build a brick well-hole in warehouses, &c., for the Hoist or Lift, and when 
this is done, the cost of the timber work is considerably reduced ; all that is required being a 
pair of timbers to form the guides, and two light grooved timbers for the balance weights which 
are fixed against the walls. This arrangement need not add much to the cost of the building, 
as a convenient angle may be chosen, or the outer walls of the building will serve to form two 
sides of the well. The size of cage given in the subjoined list of prices can be modified with- 
out increasing the cost, if the area remains the same — for example : a 4 ft. x 4 ft. cage = 16 ft. 
area ; but the price would not be altered if the cage were made 5 ft. x 3 or 6 ft x ^2 ft. 6 in. 
The value of the ironwork and machinery is not affected to any considerable extent by the 
height of the lift, the only addition being so much more cage rope, brake line, and hauling 
rope. 



Power of lift 


5 cwt 


10 cwt 


15 cwt. 


20 cwt. 


Cage not exceeding 16 ft. area 










Height of lift not exceeding 40 ft. . . 










Price of ironwork and machinery, including! 
ropes and cliains .. .. .. ../ 


£45 


£50 


£60 


£70 


Price of ironwork and machinery, and timberl 
framing, as shown . . . . . . . . / 


£60 


£68 


£80 


£95 


Price extra for safety apparatus 


£10 


£12 10 


£15 


£18 


Approximate weight of ironwork 


25 


80 


40 


50 


„ measurement .. 


85 


50 


75 


90 



LIFTS or HOISTS FOE CELLAB8 FOB HAHD FOWEB. The Vertical Hoist, Fig. 174, is 
another useful machine, and is usually fixed in cellars having trap doors opening on the 
pavement, and so constructed th^t when the doors on the pavement are open, the platform 
will come up quite fiush ; a pit is made below the basement level to allow the platform to 
descend fiush w>th the basement fioor, so that goods, such as casks or bales, can be rolled 
on or off at each floor with perfect ease, and in some instances they are made to come up above 
the pavement or street and to the level of the tail-board of a cart or van, which gives an 
increased facility for moving goods in and out of store. This form of Hoist is shown worked 
by a hand-crab, but obviously it can be worked by power if desired. The varying conditions 
as to weight and height here again preclude the preparation of a list of prices and powers, but 
the Hoist illustrated was for a lift of 10 ft in vertical height, the platform was 4 ft. x 4 ft., 
and the maximum load was 10 cwt.; the cost of the whole of the machinery was £45, 
including the crab, chains, and all ironwork, but not the cost of erection. 

INCLINE GELLAB LIFT or HOIST, Fig. 175. In this case the steps from the basement 
to the street level are utilized to form the guides, and for light loads nothing more is required 
than a strongly-made step ladder ; for lifts of greater power the sides of the steps fonning the 
guides are of wrought rolled H iron, the inside being filled in with timber and notched for 
the ate\ia. The platform of the lift is made to sink in a pit flush with the cellar floor, and the 
hoisting gear is generally fixed under it, so that when not in use the lift presents no more 
obstruction than an ordinary step ladder. If the necessary head room can be obtained in the 
front wall the platform can be made to run above the street level hio:h enough to load into carts, 
&c., as described for the Hoists, Figs. 169 and 174. The incline lifts cost about the same as 
vertical lifts of equal size and power ; they can be. worked by power when desired, the Authors 
having fitted the well-known works of Messrs. Huntley and Palmer of Heading with both incline 
and vertical lifts worked by power. 

DINNEB or KITCHEN UFTB, Fig. 176. The construction of these useful adjuncts for 
saving time and labour in hotels, restaurants, and private houses, is so clearly shown in the 
Engraving that but little description will be necessary ; they are usually made with^ double 
boxes, so that one ascends whilst the other descends. The boxes are made of wood with movable 
shelves, and the only machinery required is a top pulley, spindle and bearings, and a rod to 
fasten the box when at the top of the lift. The lift is usually incased in woodwork, with 
sliding doors like window sashes. Speaking tubes are often carried from every floor to the 
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ir box ia nia<le itioiig eoangh to etxtj cooIb, Ac, when th« BlielvcB are 

The mechanism U ef the 
Bimpleat poeaible ohatBoCer, and 
vorkB almnat noiselessl]'. The 
ooBt of the ironwork and ma- 
chineiy for a. Lift constructed to 
carry 1 owt., with up and down 
cages, U about £15. and it is 
DBualiy erecled by the builder 
to drawinga Bupplied by tlie 
manufacturer; this work fonn- 
ing in &ot part of the ceaiDg, 
which can of ooime be dv- 
Bigned to corraepond with the 
decorttdon of the room in which 
the opening to the lift ie made, 

Tlie coflt of a dinner lift, nith 
Dp and down boxes for platea 
and dishes only, is abont £10. 



The 

modem practice of miuing en- 
gineers i« to continaally increase 
the nzB of the winding enginiis 
and speed of working; and there 
are many examplea of coUter; 
engines now in work which wind 
at a epced of 2500 ft. per minute, 
including flopping and Btarling. 
'I'hia high speed of worlnDg 
can only be obtaiDfd by coupliug 
the engines direct Vs a wind- 
ing drum of considerable dia- 
meter on the engine shafl A 
pair of horizontal engines, with 
the winding drums centrally 
between them, la the arrange- 
ment now usually adopted, ea 
being economical alike in the 
coat of engines, foundations and 
buildings, and in working ex- 

Tbe subjoined Is a short do- 
wsiption of two pairs of such 
engines, recently erected reepeo- 
tively at tlie Mapperley Oolllery 
end at the Donisthorp Oolliery, 
both in Derbyshire. A pair of 
horizontal engines with sleam 
oylindera 24" diameter x 48" 
stroke are placed horizontally 
about 10 ft. 6 in. apart from 
centre to centre; the cylinden 
and valve boxes are neatly lag- 
ged, and Stted with condensed 
water cocks, shifting valves, and 
indicator oocka. The weiglit of 
tlie piston is cairiid by the pis- 
ton rod being extended through 
iw„ 117a the back corer, and both front 

"'^- ^"^ and back glands are of ample 

length; the pistun and valve 
rods are of steel, the guidebars 
are double, the bottom bars being cast on the beds and planed out to form oil channels, in which 
work thegnideblottowhichareof great length; the connecting-rods are of wronght iron got up 
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bright, with solid ends at the crank-pin end and strap and cotters at crosshead end ; the length is 
10 ft. from centre to centre, and both ends are fitted with hard gun-metal adjustable bearings; the 
cross-heads are of wrought iron forged solid and keyed to the rods with steel cotters. The cranks 
are of the overhung kind of wrought iron, forced on the ends of the main shaft, and keyed with 
two sunk steel keys at right angles. The valves are three ported, and are woiked by a shitting 
bar link, the valves being balanced on the backo so that the driver can handle them with perfect 
ease when under pressure. The eccentric straps are lined with gun metal. 

The crank shaft is of wrought iron 11} in. diameter, in the centre planed eight sided for 
staking on the winding drums. These drums are slightly coned from 11 ft. 6 in. to 12 ft 
diameter x 5 f t 3 in. wide, and are constructed of cast-iron rings in halves bolted together 
and hung by keys on the flats planed on the shaft. The break ring is cast to these rings 
and is fitted with wood blocks ; the brake straps embrace the lower half, and the lever for 
putting on or releasing the brake is worked by the foot of the attendant. In some cases the 
engines have been fitted with an auxiliary steam brake, which can instantly be used if desired. 

The whole of the steam and exhaust pipes are carried below the beds of the engines and 
below the engine-room floor, which allows the condensed water to drain from the cylinders, a 
matter of importance in intermittent working, and at the same time preserving a neat appear- 
ance in the engine room. The steam slide valve is balanced, and the reversing, steam, and 
brake levers are all brought together in one set of quadrant guide plates, and close to the 
foot brake. The tell-tale is worked from a light drag link and crank coupled to one of the 
crank pins, and drives a worm and tangent wheel, the wheel spindle being fitted with indicator 
and dial. The whole is mounted on a pair of massive and neatlv-designed cajst-iron bed plates. 

These engines are supplied with steam by a range of four boilers of egg-ended form, 30 ft. 
long X 5 ft., and are fitted with furnace work and steam fittino:s of the most approved patterns, 
including double safety valves, float indicators, as well as water gauges, &c., steam stop valves 
and branches to put any boiler out of use, expansion joints between each boiler, feed-water 
valves and pipes with expansion joints. The boilers are fed by a vertical steam donkey with 
6 in. diameter cylinder and 3 in. double-acting pump. 

At the pit's mouth, where a large amount of refuse coal can be obtained without great 
cost, it is usual to put down egg-ended boilers as being the lowest in first cost, and the repairs 
are less perhaps than in any other form of boiler ; but fur similar purposes, Cornish and Lanca- 
shire boUers have been used with marked success, one instance of which will be notict d later on. 

The rope used at this colliery is 1 J in. diameter round steel wire rope, and the nett loads are 
about 20 cwt. The cages are of wrought iron fitted with safety apparatus, see p. 114. The 
head pulleys are 12 ft. diameter with wrought-iron arms. 

The engines are raising 500 tons of coal per day from a depth of 120 yards, and the total 
cost of engines, boilers, and steam connections is £2000. 

Winding engines for very deep shafts are sometimes fitted with condensers ; but for shafts 
of moderate depth the intermittent nature of the work does not admit of a vacuum being 
obtained imtil just before the engines have to be stopped, and unless the vacuum is destroyed 
by a pet cock, or some similar expedient, the winding gear is rather difficult to manage ; it is 
therefore exceptional to have condensers applied to winding engines. 

A great contrast to the general practice of paying but little regard to the quantity or value of 
fuel consumed per ton of coals lifted, may be eeen at the Blackwell Colliery, in Derbyshire, 
where the results are equal to anything and surpass many obtained in manufactories where the 
fuel costs three times as much as at the pit's mouth. The boilers at this colliery are double- 
flued Lancashire boilers, 28 ft. 6 in. long, and 7 ft. diameter ; the fines are 2 ft. 9 in. diameter, 
contracted to 2 ft. 5 in. ; each fine is fitted with four Galloway water tubes, and the grate 
surface in each tube is 16 square feet. 

The boilers are set on Hydes and Bennett's system, ^hich is, that the gases shall pass from 
the ends of the flues under the boiler, and then rise up through a series of fire-clay guides 
round the sides of the boiler as they pass along, and so into an overtop chamber which main- 
tains the top of the boilers at an average temperature of about 550 \ super-heating the steam to 
a useful and perfectly safe extent, whilst at the same time preventing loss from radiation, and 
admitting of the boilers being worked in the open air, as usually is the practice at collieries. 

Considerable objection was raised to this method of setting, many persons maintaining that 
the top of the boiler would be heated too much, and cause leakage by expanding that portion 
more than the bottom; that the steam viouid be too much super-heated, and that there would 
be loss of strength from overheating. All these objections have, however, been best and most 
completely answered by the fact that plates tested by Ihe Fianklin Institute increased in 
tensile strength up to 570 ^ the strength being thus 66.500 lbs. per square inch against 
56.000 lbs. at 32^, so that a greater strength is imparted to the boiler up to that tempemture ; 
and as to leakage from unequal expansion, the boilers in question have been in use six years, 
and are now quite equal to new, no repairs having been required to them under constant work 
for the last three years. Up to a given point super-heating is admitted to be of great value, 
and by adopting this sy8t< m the cost of any kind of covering over the boiler is saved. 
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The feed water is heated np to 220^ before entering the boiler, and the form of water-heater 
Tised is an egg-ended receiver, about 20 ft. long x 5 f t diameter, placed horizontally a few feet 
noove the donkey pump. This receiver is fitted with a perforated plate about 18 inches from 
the top, on to which the cold water is ditscharged for the purpose of breaking up the stream 
whilst the exhaust steam is passing through the body of the receiver on its way to the 
atmosphere ; the water thus falling through tbe perforations mingles with the steam and the 
temperature of the water is raised from about 64^ to 220°. To prevent the heater &om becoming 
choked with water, an overflow pipe is placed about 24 inches from the bottom of it. The boilers 
evaporate 466 gallons of cold water (64^) with 490 lbs. of engine slack per hour = 9.5 lbs. of 
water per pound of coal per hour, whilst the same boilers, with hot water from the water-heater 
at 190*^ (which is about the heat atler being cooled by passing through the pump and pipes), 
working with the same coals, evaporated 10.42 lbs. of water per pound of coal. With hot water and 
best steam coals the duty was again raised to 11.21 lbs. of water per pound of coal, which is an 
excellent result to be obtained on an ordinary triaL Some other boilers were tested, set in the 
same manner, excepting they did not have the overtop chamber, and the best reBult49 from 
them, with Wigan coals, was about an average of 9.9 lbs. of water evapomted per pound of coal. 
It may also be mteresting here to note that the te»t showed a consumt>tion of about 21} lbs. of 
coal per ton 0/ coals lifted 720 feet, and that the horse power exerted was 341, whilst the power 
theoretically required to do the work is only 198 H.P., showing a loss from friction, &c., of 
nearly one half me power exerted even with engines and machinery of the highest class. The 
speed of working the 720 feet is 82 seconds, including starting and stopping, and the average 
during a day's work was 30 lifts per hour with up and down cages — four tubs in each cage. 

The above data is taken from a very interesting Paper read before the Chesterfield and 
Derbyshire Institute of Engineers by Mr. J. A. Longden, the engineer and managing director 
of the Blackwell Colliery Company, and the same Puper containB full details of carefully- 
tabulated experiments by Mr. llongden. 

Most large mines have separate pumping engines u'Sually of the Cornish type, but for small 
pits the water can often be wound by a bucket alternately with the cage as shown in Fig. 182. 
Figs. 177 to 180 represent a plant of wimling and pumping machinery constructed for a lead 
mine in Spain. Fig» 177 is an end elevation; Fig. 178 ground plan; Fig. 179 side elevation; 
and Fig. 180 section of boiler and boiler-house. 

These engines are each 10 in. diameter x 20 in. stroke, fitted with link motions, and they 
are geared to a winding drum 6 ft. diameter x 2 f t wide, with strap brake and foot lever ; 
the pinion on the crank shaft can be thrown out of gear by a clutch and lever, so that the pump 
arm may be kept continuouiily running when the drum is out of use. The employment of gear 
instead of driving the winding drum or drums direct (as previously described), admits of the 
use of small engines for mines of considerable depth ; and it is often very important that the 
parts should be exceedingly light, so as to allow of transport over bad roads and to almost 
inaccessible positions, saving in freight and carriage and immense risk. 

These engines raise one-ton loais (^total with cage) at 350 ft. per minute, and work pumps having 
a drawing lift of 8 in« diameter, and forcing lift of 10 in. diameter, to a height of 60 faihoms. 

The arrangement is shown so clearly that there will be no need for much description ; there 
are three Cornish boilers, each of 16 ft. long x 4 ft. 6 in. diameter, two boilers being sufficient 
to work the engines easily ; the third being a duplicate, which coulil be laid off for cleaning 
when necessary. 

The cost of the whole of ti.e machinery and of the ironwork for the pit-head gear, including 
the wire ropes, pumpB» tools for working engines, and to be used in erection, packed and 
delivered to docks, was £1640; the weigiit was 45 tons, and the measurement 1500 cubic feet. 

Many other sets of winding and pumping engines of various sizes have been designed and 
made by the Authors, the smallest perhaps being a number constructed for the East Indian 
Railway Company, in which the steam cylinders were 8 in. diameter x 14 in. stroke, and the 
pump was 8 in. diameter x 14 in. stroke, double acting, fitted with 5 in. suction and rising main 
pipes. The boiler was of the semi-portable kind as shown in Fi^. 181, p. 110. I'hese engines 
were each fitted with two wrought-iron cages, ropes, head gear, safety apparatus to prevent over- 
winding, all the ironwork required for the pit-head gear, and the duty performed was to 
lift a uett load of 5 cwt. at 200 ft. per minute whilst pumping at the same time. The 
engines were constructed for working tlie thin seams of native coal, and as they are near 
the surface, the whole apparatus was made capable of being readily removed and re-erected as a 
seam was worked out, which was found to be more economical than to ^increase the under- 
gi-ound workings. The cost of this plant was £600 per set. The total weight 16 tons, and 
the measurement 1200 cubic ft These engines and pumps have given great satisfaction, and 
proved well adapted for the purpose. 

A new form of engines was exhibited by the Authors at the International Exhibition of 
18rt2, and during the last few years many winding engines of the type referred to, which is 
illua-trated, Fig. 181, have been used with considerable success, especially for small mines and 
temporary workings. From the high pressure used in the locomotive boiler shown, the greater 
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piston speed, and the high duty obtained from this form of boiler, together with the advantages 
which the eonstmction offers in the facility for transport, erecting and setting to work 
without the delay and expense incurred in costly foundations, &o., render this form of engine 
specially adapted for nse in countries where fuel is dear, and skilled labour to erect 
machinery is difficult to obtain. The cost of getting heavy machinery into position at the mines is 
often as much as the whole has cost in England; in such cases engines of this* type compete 
successfully with the class of large direct-acting engines described as having been erected at 
Mapperley, &o. ; but for g^reat depths, and where fuel is of anything like moderate value, the large 
engines will unquestionably have the advantage, because ti)e repairs on both engines and 
boilers will be so much lower, that this alone will probably more than cover the increased 
interest on the capital expended. 

The arrangement shown in Fig. 181 was designed for use in Spain, where all the difficulties 
above referred to were encouutered, both as regards cost of transport, erection, and the absence 
of building materials. In such cases the engine is, if possible, sent away erected complete, 
on its own bed plate, protected by a strong packing case. The boiler when lifted into position 
over the engine is ready to set to work when the necessary steam and feed-water connections 
have been made. The eugine bed-plate is secured to a framework of wrought-iron girders, 
which carry the pedestals and bearings for the drum shaft, the brake gear, &c., is dxed in place, 
and the whole is tested in steam before being sent . away ; all parts are then carefully marked 
and numbered for re-erection on arrival at destination. The wrought-iron girders form a frame- 
work which cannot well be put together wrong, and the only foundation necessary is some 
rough stonework or solid level ground. 

The wrought-ircAi girders are not included in the prices given in the subjoined list 
The prices do not include the head gear or timber work shown in the engraving, nor the 
wire rope, cages, or ^ bob*' lever ; the engines are made with the boilers fixed as shown, where 
great compactness is required ; but as no other special advantage is gained by this, the boiler is 
frequently fixed a short distance away. The grit and dust from the stoking is thus removed 
further away, the engines are more accessible for cleaning or repairs, and the various 
working parts are kept cooler. The price is the same for either arrangement. 



Nominal H.P. 


. . 


12 


14 


15 


20 


Niunber and diameter of cyKnders 


2—8 in. 


2— 8J in. 


2-9 in. 


2—10 in. 


Diameter and width of drum 




5'0"xl'6" 


5'0"xr6" 


5'0"xl'6" 


6'0"xr 0" 


Weight lifted 




15cwt. 


18cwt 


21 cwt. 


25 cwt. 


Speed of rope per minute . . 




600 ft. 


500 ft. 


600 ft. 


600 ft. 


race with single dram 




£450 


£500 


£540 


£660 


„ double ,, 




£475 


£525 


£565 


£690 


Price extra with pumping arm 




£25 


£25 


£25 


£30 


Approximate weight 




7 tons 


8 tons 


9 tons 


10 tons 


^, measurement 




720 cubic ft. 


880 cubic ft. 


950 cubic ft. 


1050 cubic ft. 



Nominal H.P. 


• . 


25 


80 


40 


60 


Number and diameter of cylinders 


2—11 in. 


2-12 in. 


2—14 in. 


2—16 in. 


Diameter and width of drum 




6'0"x2'0" 


r0"x2'0" 


r6"x2'0" 


r6"x2'0" 


Weight lifted 




SOcwi 


40 cwt 


60 cwt. 


60 cwt 


Speed of rope per minute . . 




500 ft. 


500 ft. 


600 ft. 


500 ft. 


Price with single drum 




£770 


£900 


^ £1150 


£1350 


„ double „ 




€800 


£950 


£1200 


£1400 


Price extra with pumping arm 




£30 


£35 


£40 


£40 


Approximate weight 




12 tons 


14 tons 


17 tons 


20 tons 


„ measurement 




1200 cubic ft. 


1400 cubic ft. 


1700 cubic ft 


2000 cubic ft 



Another very handy form of winding gear is shown in Fig. 182. This is an ordinary portable 
engine, geared up to a winding drum placed on a couple of brick piers or a strong timber 
framing. A number of these engines have been made with the drums carried on the engine 
itself, these of course being readily removable if the engine is only required as a motor. 
Combinations of this kind are frequently of the greatest service to the miner, contractor, or 
quarry master. The head gear is here shown of cast and wrought iron ; and as it is erected 
complete before shipment, tne employment of costly labour abroad is unnecessary. In some 
cases timber can scarcely be obtained, and in others is not suitable for the climate ; and in such 
cases it will be evident that a neat head gear, similar to that shown, offers many advantages. 
For nivistrations of small mining cage and tub, see section 5. 



APPLEBY'S HANDBOOK OF MACHINERY. 



HOISTING MACHINERY.— Section 2. 



114 



APPLEBY'S HANDBOOK OF MACHINERY. 



Fig. 182* IB an enlaiged engraying of a double-cylmder portable engine of the ordinary type^ 
witbout wheels or axles, gearod to u winding dmm mounted in a wood fnime ; an arrange- 
ment of this kind possesses nearly all the advantages claimed for that shown in Fig. 180, at a 
somewhat lower first cost. 

Double drums with central dutches and separate brakes can be fitted instead of the single 
drum shown, when desired, so that two shafts of var^ng depths can be worked at one time ; 
the extra cost of double drums is given in the subjoined price list, as well as a crank arm 
outside the plumber block fur working pumps. 

Pbioeb of Singlk-otlindeb Wikbino Engines, Fig. 182*. 



Horse-power (nominal) 

Diameter of cylinder and stroke 

Diameter of drum 

Price .. .. .. .. .. 

Extra for double drums 

,, pumping arm .. 

Approximate weight, in tuns .. 

9, measurement, in cubic feet 



6 

8i"xl3" 

4'0" 

£280 

£20 

£10 

4i 
880 



8 
9J"xl3" 
5'0" 
£320 
£25 
£15 

5i 
606 



10 
10 J" X 14" 
5'0" 
£380 
£25 
£15 

6i 
6h0 



12 

12"xl4" 

5'0" 

£435 

£25 

£20 

7 

740 



PbICES of DorBLB-OTLINDBR WlNDINQ ENGINES, Fig. 182*. 



Horse-power (nominal) 




8 


10 


12 


14 


Diameter of cylinder and stroke 




6i"xl3" 


7i"xl3" 


8i"xl3" 


9J"xl3" 


Diameter of drum 




5'0" 


5'0" 


5'0" 


6'0" 


Price 




£260 


£410 


£430 


£465 


Extra for double drums 




£25 


£25 


£25 


£25 


„ pumping arm .• 




£20 


£20 


£20 


£20 


Approximate weight, in tons •• 




6 


7 


n 


8 


„ measurement .. . 




506 


644 


700 


800 



The speed of lifting, and weights to be lifted, can be modified to suit any conditions, but 
the usual speed is from 300 to 500 ft. per minute for loads of 10 to 20 cwt., and the steel wire 
ropes vary from I" to f " diameter. The pit-head pulleys should be at least equal to the 
diameter of the drums given for each size, and are usually rather larger, 

FIT-HEAD OEAB. The design of the framing for carrying the over-head gear varies con> 
siderably ; in this country it is usually constructed of timber, but for shipment wrought-iron 
possesses many advantages, especially so where the climate is hot, or there is an absence of 
skilled labour. 

A very neat nnd bimple construction of over-head gecur has been designed and made by the 
Authors for use in Spain and other warm climates. This consists of two main A frames mane 
of wrought-iron of H section, those on the side nearest ihe engine (being line of pull) are the 
strongest. The frames are tied together transversely by lattice bracing, and are connected at 
tlieir upper ends by horizontal girders, which carry the rope pulleys; a platform is provided 
around the top pulleys for oiling the bearings, &c., access to whicli is afibrded by a ladder from 
ground level. The lower ends are fitte<l into btrong cast-iron socket plates, which aie secured 
to masonry or timber. The whoJe of the work 19 put together with bolts, so that the cost of 
freight is reduced to a minimum, and every facility is ootained for transport over difficult 
ground, and for re-erection at destination. The total cost, even in England, compares favourably 
with pit-head gears of the ordinary construction, but the ad' antaa;e will be more apparent when 
the cost of freight, transit, erection, &c., are added, which form an important addition to the 
more bulky arrangement usually adopted. 

The cost of these frames will be afiected by the height, size of shaft, and power of engines 
employed ; but a general idea may be obtained from the following data. A complete pit-head 
gear for 20 horse-power engine, 30' 0" high, fitted with two 6' 6" diam. pulleys witli wrought- 
iron arms, spindles, bearings, platform, ladders, &c., costs £140, and one uf the largest size 
about £250. 

The cost of complete seta of ironwork for wood frames, including pulleys, may be taken at 
£40 to £100 per set according to size. 

Wrought-iron cages £18 to '£36 each. Safety apparatus for ditto about £30 per cage. 

Safety hooks for preventing over- winding £10 to £15 each. 
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inNIIVI} TSUmS TOB VVIHRBBOUim ■WOBXISaB, Figa. Ig3 and 184. Tbesa 
fitE^ues are designed speciallj for working in levels and audils. Fig. 183 ia a double- cylinder 
en^^ne fixed on timbei frame, and Fig. 161 is a Bin gle -cylinder engine mounted on Igw trolley 
vheels; but either oan be made portable or fixed. The frames uf the engines are made throughout 
of wronght iiou ; and everything tg done to keep down the weight and bulk, and to adapt 
them for the rough ueago they Bti often meet with nndergroand, working in dirt and grit 
with but very liltlja attention, tlie attendant rarely being a mechanic Each ei^ine is fitled 
with link reversing gear, double drnniB, separata brakes tuid olntches, bo that the dnros can be 
aaed. quite independently of each other. 



These en^nes are (teqnently driven by compressed air, and for that reason the powers have 
been oolonlatad at 30 lbs. average pcesauro ; but they are oonatnicted to stand 80 lbs. preaaure, 
and if steam be used the power developed will be in proportion to the presBOte available. 
The olntches axe all of wrought iron case hardened, the drums are bushed wiUt gun mefaj 
muuiug loose on the Bhafts, and the brakes are tnmed ou their faces. 
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Nominal H.P. .. .. 


8 1 12 1 H 


12 


16 1 20 1 30 1 40 


50 


Diam. and No. of cjiUnderB 


1—8" 1_12",1— 14" 


2—8" 


2—9" 2-10"2-12",2-14' 


2—16" 




SO 1 30 


30 


30 


SO 


30 


80 


SO 


30 


Diftm, of witBrope- 


i in. 1 i in. 


tin. 


Jin. 


fin. 


iin. 


iin. 


(in. 


& 


Yd*. of rope dromg wUl hold 


SOO ' 450 


800 


mo 


t^OO 


1000 


1200 


1250 


Bpeed of rope per mm. 


250 ft. 350 ft 


280 ft. 


358 ft 


iSTft 


400 ft 


470 ft 


420 ft. 


420 tt. 


Weight lifted .. lbs. 


1100 


1800 


2000 


16U0 


2600 


2200 


2800 


1000 


5OO0 


Price vithont wheels 


£IS5 


£225 


£350 


£350 


£36S 


£400 


£440 


£565 


£800 


„ with wheels and alias 


£175 


£235 


£3(55 


£365 


£380 


£420 


£165 


£590 


£825 


Approi. weight .. tons 


2 


Si 


ii 


1 


*i 


5 


S 


7 


8 




100 


150 


200 


200 


220 


2S0 


280 


320 


350 



HOISTING MACHINERY,— SiCTiOH ». iij 

TZBTIOAL VlBiaSQ XITenrE, Fig. ISS (Ko. 16 o). In thia amiBgemmit tbe boiler is al 

tlie verticBl type, with plain ctosb voter tubes— a oonatniotioD not to be iccommeoded tot 
economy in the conaumption of fuel, but in practice it ia a OBeful form of boiler, aud will work 



with the worst hiud of water witbont being aerauged ; a multitubular bpiler working under ttie 
aume cuuditioiia would aoou become uaelesa, or would be coustactly under repair. The raigine 
is vertical, and ia carried b; a casting which relieves tbe boiler nom any atraiu. Tbe crank 



ahaft is of wrought iron with a oentral bearing, and tbe framing- ia constructed of wrongbt-ltoi 
clwnnel boia, atrong aaiL ligbt and neat in appeamnce. Id this case the drums were placea 
outside the frame, and were made of different diameters in order to_worlc two shafts of different 
depths at ihe same time. 

Tbe engine, Fig. 1S7, ia aimllar to thnt described above, but tbe winding drum ia placed 
inside the frame, and a pumping arm and shaft is added which can be worked at tbe eame 
time or separately from the winding gear. 

The coat of these engines is not mnch affected by the position of the drain, and separate 
prices are given for tho eitra sliaft, bearings, and gear required to wrark tbe pmnplitg' stm. 
See list at pages 118 and 120. 



Fig. 186. 

VXBTICAL WnrDDTS EHBDtX with donble drama, Fig. 186 (Vo. 16 d). Tbe description 

at page 119 appliee generally to this engine, the differen<-e consisting In this having double 
winding dmma out aide the framing. Tbe drum ahait is driven by B spur nbccl, fixed centrally 
between the two dnims, and controlled by one brake for working always together; they are 
also made with separate driving gear and brakes, so Ibat one dram can be worked indepon- 
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Nominal H.P. 


3 


4 


6 


8 


10 


12 


Diameter of cjlinder 


5Jin. 


ejin. 


71 in. 


9 in. 


10 in. 


11 in. 


Diameter of dniina 


3 ft. 


3 ft. 6 in. 


1ft. 


4ft. Bin. 


5a 


5ft. 


Price 


£165 


£198 


£220 


£270 


£305 


£345 


Extra wilh.pamping arm .. 
„ double dinniB .. 


£5 


£7 


£10 


£15 


£20 


£25 


£10 


£12 


£15 


£20 


£25 


£30 


trolley wheels.. 


£5 


£8 


£10 


£12 


£15 


£18 


road wheel, locHagl 
pUte and Bhofle ) 


£10 


£12 


£1S 


£20 


£25 


£30 


Approximate weight 


3} tons 


U tons 


4|tODB 


eitonfl 


7* tons 


8* tons 




225 c. ft. 


3(10 cfL 


420 c. It. 


490 eft. 


600 eft. 


700 eft. 



A crank pin Est noiklng pumps can be fitted into the main spur «he«l without eitn charge. 
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TEI 70BTABLE DOUBLE-CmilDEB WIHTIHG EFODTE, Fi^. 18S (Ho. IS s), ia 
ucmnted DD wi'ought-iton road wheels, and U fitted with shaRe aod loakiue plate, and ia easilj 
moved fi'om place to place like an ordiaary poitable engine. Tlie drum anil gear ean 
be readily removed, and these engines are often used for driving machinery when they are 
not required for winding. 

The conatructioQ ia very aimilar to the fixed engines of the same type. The engraTing, Fig. 
186, is from a photograph of an engine of 12 horao-powor, some of which were used by Mr. 
Fiibank in the completion of the eitonaiona of tho Midlaod Enilway in London. 

Fig. 1S9 (No. 16 b) J8 a aiugle-cylinder engine of some kind, but of 3 borse-pawer, the 
■Dudlest nsoeJly made. 



These engines are fitted with link reteraing gear, bo that an np or down cast or double rope 
can be worktd, or lowering may be peifomied by &tenm or by the brake. The construction 
throngbont is as li<;ht and strong as possible, and as engines of Ibis kmd frequently have to be 
tmnsported greet diBlancos, and over tlie worst possible roads, wrought iron is used where 
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Fig. 139. (For prices seepage lis.} 
Tebtioal DonBLB-OTLiHUEB WunnHo EminiEa, Feed ob Fobtable. Fig. 188. 



1.2-llm. 
Sftein. 

£675 



If coals Bie used and tlie feed water b tolerably free (roai impuritiea, mnltitnbular 
boilers offer some advant(^ in point of economy in Qie con gumption of fuel, and tlie 
coat ia about the some as for oroag wutcr tube boilers c^ equnl power ; but if wood tool 



Extra pi 

„ „ double ct 
» „ trolley wheels 
„ » road wheels, locking) 
plate, and shafts.. 
Aifirozimate weight 
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U used, tbe ptsin oroea tabe boilers 
are general]; prel'erred on acamnt of 
the larger fiie boiea. 

A very large nntnber of these 
enjtines are in conetant work in all 
parts of the world, and are giving the 
moat ButisfiLclorj reeulta. 

KACEHIEBY 70B WOHEIKO 
HTdJNES. When this empt; trncka 
have to be hauled up and tlie loaded 
wttggonB ran down, a Tery simple 
and uaual plan is, to have a wheel 
fitted with a number of forks, around 
one half of the diameter of which a 
common chain paaaea, the endii being 
attached to the waggons. This wheel 
Is generally fitteil on a vertical axia, 
in some oaaes above the ground, and 
high enough for the waggons to pass 
nader it ; and in others below the 
ground, to admit of tracks paesii^ 
over it. The wheel ia controlled by 
a brake which ia fizeil on the aama 
axta or cast to it; oftec two brakes 
are snppliod, either of them being 
auffloient to control the load, the 
duplicate being only used in case of 
accident ; the two brake levers are 
brought aide by side. This arrange- 
ment is largely nsed for nndorground 
haulage. 

" TOWUB'B " PATENT CLIP 
PIIILBT, shown in Figa. 190 to 192, 
ia another method fbr working in- 
clines by a round Bleel wire rope ; 
the latter givea aa enlarged section 
of the rim of the pulley, iind shows 
clearly a pair of clips and tljenijiping 
action they have on the rojie. Tliin 
invention baa been most sncceesfully 
nsed for a great variety of purposes 
other than that indicated above. It 
is invaluable for transmitting power 
to a distance over ravines, rivers, Ac, 
whereintermedlale supports cannot be 
obtained, lor hauling boats on rivera, 
for ferries, driving overhead traveller's, 
&e. The nipping action on the rope 
is always over at least half the dia- 
meter of the pulley, so that the wear 
on the tope is almuat nil, the nipping I 
aetioB ceasing immediately and auto- 
matically the moment tbe rope bpgLDg 
to diverge from the cironmferenca ' 

Pbicm o: 

Diameter of dtnm 

Diameter of rope .. 

Working strain on rope,) 




Patsnt Clip DatixB. 




n the Exhibition BuildingB in Hyde Park, 

_, — „— - ,---.. - re driven by a strap from a portable engine, and they 

le not fitted witb the chain barrels inside the fraiues. 
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FU;. 193 ehows ths applicatkin of the ollp drum to a Mlf-aetiog incline on which the loads 
are ftlwHjs going down, ami Fig. 191 illuitrate* the aotioa on an incline on which tlie Imds are 

drawn np ; in this case the 
clip dram most of coorae be 
driTen from gome motor, bat 
ia the furmer, a hmke on the 
clip pnlle; axis a ull that ia 
ueceBsarj. 

ThBBo pnllevs will writ 
eitLer hoiizontall]? or vetti- 

DP HJg aTEAKWHrCH 
WITH TWIK OBDia AKD 
TTO CHADT BABSE18. The 
wiitcb illnstratad had to fulfil 
the aame conditions as thoaa 
iiE«d in tljo erection of the 
columns and rooCgof the Eihi- 
bilion Buildings of ISsl and 
18li2, as well ag the new 
Foreign Offices recently com- 
pleted; but profiting by the 
eipecience gained on tlieworka 
above nsjued, the Authors de- 
signed and cOQstrnctod the 
apparatus under consideralioii, 
foe lifting the girders and iron 
work in the roof of the St. 
Fancras Midland Buil na; Ter- 
tuinuB in London. The en- 
graving is from a photograph, 
which shows a portion of. the 
staging employed in the work. 

The apparatus is self-con- 
tained, and the two outsvde 
twin warping drums run at 
the same speed; but when 
these dioias are not in use, 
either of the two chain barrels 
between (or inside) tie frames 
can be ased in eithi r single or 
double purchsae, and one may 
be lowering whil^ tl e other is 
lifting its loail. This result 
is obtained by ndng friction 
clutches to take the power 
from the engine shaft to the 
gearing, admitting of great 
facility of working and safety 
to the gearing, in conscqucnie 
of the load being gradually 
put into motion. 

The cylinders are on the 
outer side of one winch frame 
and at right angles with each 
other, the slide jackets being 
inside, and one pair of eccen- 
trios work the two link motions ; 
both of the connecting-rods are 
coupled toono crank pin in the 
lar^e balanced disc-pjate whioh 
is bejeJ on the engine shaft. 
Two pinions on this shaft 
flanged np In the pitch line, 
ere always in gear with the 
large spur wheels, and they 
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ara made fast or looee to the enjiiiiie ihaft b; fiiction clutohea worked by icreva and hand irbeela • 
the double puiclmBe is taken from two eeparate sbafts, one for each barrel. The berrels are, as 
described above, inside the framee, and the BhafU nbich earrj them are left long enooeb to taJce 
tbotwo warping drume for rope or chain; there ia a comieoting bar, or distance piece, with suitable 
bearings on the outer end of the shafts which carry the warping drtuna to dietribnle the strain 
on the drums equally between the two shafts. Each barrel is mled with a separate brake strap 
ejld foot lever, and all tbelevei«are brought close together to be wilbin the control of the driver. 

These winches are tisaally constructed to lift a maiimum load of 3 Ions direct from lbs 
Tinrrel with a single chain, but tbey may be proportioned, and tlie Authors have made them 
to lift 6 tons or more without blocks : but as an almost unlimited length of rope may be used, 
and any amount of "nip" obtained by tbe use of the twin drums, it is perhaps piefetable to 
use blocks fnr the heavy lifts instead of taking (he power direct from tbe tiarrel. 

The steam ia supplied from a vertical boiler similar lo that Ulustrated and deseribed in 
Sec 1, vrbicb. In addition to tlie usual furnace and steam fittioga, has a steam feed pump, 
(seB See. 3) and is fixed on a wrought-iron feed water tank. The whole is mounted on a 
travelling platform wiih flanged wheels to run on a 4 Tt, SJ in. gauge, and it serves two stages 
of tbe kind as shown in the engraving : six tackles (three to each staging) are cairied lo every 
port of the slaging, and the platform can be moved in either direction by making a rope fiist on 
either side and pKBsiii"; it round the warping drums. The engine power ia also used fir driving 
a punching end shearing and drilling machine, which ate flied on tbe travelling platform. 

The approximate cost of tbe winch and boiler, with fittings and connections for steam supply 
and exhaust, is £300 

R^tra for wheels, ailea, and ironwork for the pklfonn £30 

Or tbe'traTeUing platform with winch, bolter and connection, complete .... £350 
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WTLMX CAPRAX, 'Fig. 196, vug designfd for Tue at Malta, and many of similar pettema 
•TO in uBo at all the Docka and Ooverament Yarda. The capstan is of the Admiislt; pattern, 
and cftn be thrown out of gear with the engines, and numned b^ handapiket in the oidinaiy 
♦ay if it does not happen to be mnvmient to nin the eoginpi. 

Tha motor in tbig ca^e wss a rieam engine, the steam ov linden being SJ-in. diameter by lO-in. 
rtroke, with liuk-reTerdng motions ; but these capstans are more frequently driven by a pair 
<f hydraulic or water enp:ines where that power is available. The gearing is single and double 
pnrcliase, giving in the single purchase a pull of one ton on the hawser for It^t vesBels, and 
in tlie diinble puichaae a pul) of 2 Ions for vesaeU oferiater tonnage; the engines and the whole 
of the gearing ara placed in a masonry pit covered by chequered foot pktrs let in flush with 
paving, which efiectuall; protects the machinery from injury and from the weather, and 



provides the space around the capstan necessary for handling tlie hawser. Two socket levers 
working throngh slots in the foot plates put the capstan in motion ; one being the revei ' 
lever, and the other tia changing the poirer or throning the CApstau entirely ont of gear. 



Fig. 166. 

The vertical capstan spindle is of wronght iron, and the top step and other bearings are all 
of gnn metal. Ample provision ia made for lubrication, the heating surfaces are large, and the 
machinery thronghout ia very strong and compact. 

The price of Uiis capatan ready For fixing is £265, and the weight is abont 6 tons. 

A mmilar form of capstan, but withont the wooden welps, is much nsed in large goods 
6epl>tB for shnnting and turning tracks on the turntables, and a number of them ore often 
driven from one steam or hydraulic engine by an nnderground shaft and gearing. 

grSAM TSATZBSEBS, Figa. 197 and 1 08. These traveisers were designed and cnnstnictsd 
for the Midland Eailway Company, for nse on thtir coal sidinp, and they liave been foond to ' 
do the work of several horses with great economy in time and in working cspenses. 

The platform of the traverser in this case runs on a pair of aunk tails 11-ft. gange which 
are at right angles to the sidings. The platform is constructed of three main wroagbt-iron 
girders atrongly braced together on the bottom flanges, and chequered plates are rivatted on the 
top flanges. It is carried by three axles and pairs of wheels, each axle having three bearings 
Bnspended from the main girders. Between two of the axlea, and at right angles to the main 
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girders of the platform, are the trough-shaped girders and rails on which the tracks are placed, 
these of course being exactly level with the sidings, and the mds almost batting against them ; 
the engines and boiler and travelling gear, also a yertical capstan driven by the engines, are 
fixed l^tween the other axles. 

The capstan is used for hauling the tracks on and off the traverser, and Fig. 197 shows a 
track being hauled on. When it is on the traverser, as sliown in Fig. 198, the travelling gear 
clutch is put on and the truck is traversed opposite to any siding ; the tow rope is then hooked 
on to the back end of the truck, and it is hauled off by the capstan. The capstan is also used for 
shunting the tracks on the sidings in either direction by leading the tow rope around dummy 
iieads which are fixed at convenient points between the various lines of rails. The same 
capstan is also used for swinging the turntables, &c. 
• The longitudinal travelling speed of the traverser is about 150 ft. per minute, and one 
traverser has shunted 20 tracks carrying 225 tons of coals (nett weight) into the various sidinsrs 
in an hour ; but the duty is necessarily somewhat affected by the di&tance the sidings are apart. 
The cost of working averages about U, per 100 tons moved, and the machine requires two men 
and a boy to work it. 



Power of traverser in tons .. 
Diameter of engines .. 
Wheel base of truck or engine 
X rxco .. .. •• .. 

Price for housings 
Approximate weight in tons .. 



14 

6}"xl0" 

9 ft. 

£550 

£35 

10 



18 

7rxl0" 

9 it. 

£600 

£40 

12 



30 

8"xl2" 

12 ft. 

£750 

£50 

15 



40 

8"X12" 

14 ft. 

£900 

£65 

20 



CAPSTAir WINDLASS FOB STEAK or HAND FOWEB. The application of steam power- 
to capstans, for heaving the anchors of steam* rs or large s^iiling ships, is now almost universal^ 
and the methods employed are very varied : one of the best arrangements consists of an 
ordinary capstan fixed on the huricane deck driven by steam, or it can be manned in tlie usual 
manner in case of need. The vertical spindle of the capstan passes through the upper deck 
and works in a footstep fixed on the next or main deck ; on the same base plate as the footstep 
is fitted a pair of cast-iron side frames, which carry the necessary gearing, and a pair of steam 
cylinders for driving the windlass, motion being transmitted from the engine by bevel gear and 
worm and tangent wheel on the windlass axle. Two chain pulleys of proper size to suit the 
cable are fitted on each side of this worm wheel, and one or both can be connected to it by 
friction contact ; each is provided with proper pawls and strap brakes, the engines can therefore 
be used either to work the cliain cable, or to drive the ci^stan, or the capstan can be used by 
hand whilst the engines are lifting the anchors. 

The advantage of this system id the easy manner in which the connections of the cable 
pulleys can be made by friction, so that if the ship surges heavily whilst heaving, the cable 
will slip to an extent suffi.-ient to relieve both cable and windlass from excessive strain ; worm 
and tangent gear is the safest for this purpose, as no slipping back can take place, and at the 
same time great power is gtined in a very limited space. The following sizes are those 
generally in use, but any other size < an be made. , 



Size of capstan windlass 


No. 1. 


No. 2. 


No. 3. 


No. 4. 


No. 5. 


„ chain cables 


2" to li" 


liftoltt" 


li" to 1 J" 


w'toir 


li" to 11" 


Diameter of steam cvlinders . . 


9} in. 


8f in. 


Sin. 


7 in. 


6 in. 


Price, including pair of chain i 
stoppers f 


£395 


£345 


£305 


£265 


£200 


Approx imate weight in tons 


H 


7 


6 


5 


4 


„ measurements in c. ft. 


500 


440 


4(/0 


350 


300 



The anchor and cable of a 2000-ton ship can bo lifted at 4 to 5 fathoms per mmtde, or the 
whole operation of lifting and fishing the uni-hor is performed in less than twenty minutes. 
These capstan windlasses are made of three designs in each size as follows; — with vert"cal 
engines and windlass between the hnrricnne and main deck; with windlass on upper deck and 
horizontal engines bolted up under the deck ; with vertical engines, the whole of the machinery 
being on the same deck. The prices quoted are for either of the designs. 

Tlie smaller class of steamers and sniling vessels have the windlass driven by a messenger 
3hain from the steam winch, the windlass being in that c^se fitted with a spur wheel in place 
of the ^rorm wheel above described, and a pinion and countershaft which is driven by the 
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„ » cliBin ; fn aome euee the whole ia fitted on » pwr of mda frames umilar to s steam 
wmch without the (Spttan amngenwiit desoribed above, uid the prices are aboat 20 per oent 
lees than (ur tboee quoted. 



Pbiotbw 


m Hand-Powbb C 


FSTANs or Tabiods Ttfes. 






Size of chains 


4tol« 


I'itoii 


l'l\tol'i 


I'^toA 


l^-l* 


lAt»l'* 


i>,toi' 


frice of plain donble-deckl 
















copBtan, with 2 riding 


£270 


£190 


£150 


£130 


£115 


£98 


£76 


bitts and 4 stoppers ..| 
















Price of plain siiigle-deck 
















capBtHn, with 2 riding 


£250 


£170 


£185 


£115 


£98 


£82 


£65 


bitta and 4 BtoppelB .. 
Prico of singleHitci steam 
















capstan, with 2 riding 


£420 


£285 


£230 


£200 


£170 


£145 


£110 


bitts and 4 rtoppeiB .. 

















HAHI>-POTEB WIHDLA86 WIIU SOCEIHO LXTZK PTTBCRAn TITHOnT OAPBtAV. 



>,Fig. 19f(iauiie4< 

It, and yso villi 



RABnXLD'B BASD-POWSB OAPSTAV AHD 'WnTDLABB, 

largest ocean-going steataers, and by Bar ISejeatfe Government, 
del«iled deseriptif- ' 
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SKIPS SISAK HOIR, Fig. 200 (13B)Bnd rig. 201(130). Tbetwdst, Fi;g. 200, has doable 
iteam cjUnden with link reTerBing geai, vhiob are tliei) to a vertioBl boiler. 

The lifting geai is Binji'le puionua, and ia fitted wiib otiain barrel, tiro oapBttu ende, chain 
wheeli foi messenger obaina, and hand gbaft ; the whole buing mounted an a wroagbt-izuD 
water tank irith low trolley wheels, the deoks are protcoted from Injmy by heat and the aabes 
bom tho tnnmoe. The hoict, Fig. 201, haa the same engineg, Ac, as ate above deacribed, and. 



Fig. 200. 

is fitted with a doable-action pump, wliich can be used for pnmping the bilge and waHhiog 
deoka, or Eia a fire-engine, also for ciivulating the water in the diatllling apparatus which is 
shown. This is a most compact and efflciecit airengement, and captains ^o have had the 
apparatus fitted on board have found that the total cost has been earned in the first voyage, in 
addition t« the large saving in space and dead weight which is effected in ships carrying a 
fresh-watei' diatilling apparatus, as bj the order Gazetted Dec. 5tb, 1875, pasBeager ehips 
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eanyinr siK-h &d appBratuB may sail with toe half the qoantity of fresh water which is 
required nnderthe Pas8eD';eiiS Act. 

The punp caUi with the atteniinn of one mat], do eontimumtly ob murh work as the whole 
of the crew, and it is invaluable as a meaua nf saiiog life and property in casn of leaka or fire. 
Tlie capstan can be used for aettiii); sail, warping in and out of dork, ic, thus oouaiilerablj 
tedodng the labom «nd the number of hands required in these operations. 



Peicb of Stbam Hoot, Figs. 200 and 201. with p 


VMTB AKD 


DiariLLi 


Sa AFPABiTCS. 


Nominal H.P. .. 


3 


4 


6 


G 


8 


8 


12 


No. anddiam.of cTlind. 


1-5J" 


l-6i" 


i—n- 


2-51" 


1-9" 


2-6i" 


2-7i" 


Price, as Fig. 201 


£160 


£180 


£220 


£230 


£240 


£275 


£345 


Size of pump .. 


3"X9" 


3"x9" 


4"xl2" 


4"xl2" 


5-X12" 


5"xl2" 


6"xl2" 


Prioe of pump and gear 


£20 


£20 




£22 


£30 


£30 


£35 


Capacity of dietilling ap-) 
Prioe of ditto .. 


i5e«i. 


25 gal. 


25 gal. 


25 gal. 


40 gal. 


40 gal. 


SO gal. 


£36 


£36 


£54 


£54 


£72 


£72 


£00 


Approi. spaOB in feet .. 


5.6x5.0 


6.0x5.0 


6.6x5.6 


6.6x5.6 


7.0x6.0 


7.0x6.0 


80x6.8 


„ weight in tons 


2i 


3 


3J 


^ 


a 


** 


5 




ISO 


200 


250 


280 


350 


3S0 


450 
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STEAK-POWEB WINCHES. The engravings, Figs. 202 to 207, are examples of Steam 
Winches, for use on ships' decks, hoisting, pile-driving, &c., under various conditions. The 
first four are specially designed for ships* use, although they are employed for many other 
purposes. Fig. 202 is engraved from a photograph of a 5-ton winch, and is fitted with two steam 
oylinders, 8" diameter x 10" stroke, placed diagonally on the side frames to ensure a length of 
connecting-rod proportionate to the stroke. Winches of this kind are too often made with very 
short connecting-rodSy and the result is a jerky motion on passing over the centres, and 
unnecessary wear and tear. The cylinders are, bolted on the outside of the frames, and the 
slide jackets are oq the insides, the steam ports being cast through the side frames to coincide 
with the ports in the cylinders; the pistons are fitted with metallic rings, steel piston aiid 
valve rods, gunmetal bushed glands, wrouo^ht-iron connecting-rods, marine-pattern gunmetal 
head at the crank-pin ends, and the solid ends at the crosshead ends are also fitted with 
adjustable gunmetal bearings; the disc plates are turned bright and balanced; the valves are 
worked by an Improved Unk motion, with case-hardened blocks and pins and gunmetal 
eccentric straps. 

The lifting gear is single and double purchase, and a separate hand-shaft is provided which 
can also be worked in single or double purchase. All the three high-speed shafts are fitted with 
heavy gunmetal bearings, loose caps, and loizk nuts. The gear throughout is of extra width 
and strength, to withstand the rough usage to which these machines are subject. The large 
spur wheel is keyed directly on the chain barrel, and a brake ring is caat to it as large as can 
be got ; it is turned on the face, and fitted with wood-lined strap and foot lever, with a pawl on 
the lever. The chain barrel takes a great length of chain, and is quite clear of any other parts 
of the winch, so that a fair lead may be obtained. 

The barrel shaft is fitted with double warping ends, and messenger chain wheels for warping 
in dock, hoisting sails, &o., and the cham wheels are used for driving the windlass or 
pumps. 

This winch can also be fitted with a pair of gunmetal barrel pumps on the same base plate. 
The pumps are driven from the second motion shaft, and the whole forms a very neat and useful 
arrangement. If a suction plate is added, the pumps can be connected with the various com- 
partments of the ship, or be used as a powerful fire engine. 

Fig. 203 is engraved from a winch of 3-ton power, and is not fitted with link motions, but 
lowers by break only. Thid is a cheaper arrangement, but is not recommended, because it is 
often essential to lower carefully by power, and in this case the link motion possesses many 
advantages ; the double-purchase shaft serves for working by hand in the single purchase 
only ; in other respects it is very similar to Fig. 204, excepting as regards proportion. 

Fig, 204, ships winch of 2- ton power. The guides to the piston are cast to the steam 
cylinders, and bored out at the same time as the cylinder, ensuring perfect coincidence with 
the axis of the cylinder. This arrangement has been recently adopted, and the same kind of 
guides are now used for the winches Figs. 202 and 203. 

Fig. 205 is a single- purchase winch, with one cylinder 6 J" diameter x 9" stroke, link motion, 
and single capstan end, interchangeable for fixing pn either the engine shaft or the barrel 
shaft. With 45 lbs. of steam this winch lifts one ton, and is very useful for river craft or small 
vessels. Fig. 206 is the same winch fitted with double cylinders ; and Fig. 207 is a double- 
cylinder winch of this pattern, with a vertical boiler connected up to it, and fitted with all the 
usual mountings, including steam donkey feed pump, and dead-weighted safety valve. This 
form of winch has also been employed for pile-driving, and is well adapted for that purpose (see 
Section 5). The small brake and clutch on the end of the barrel is specially for this purpose, and 
would not be required for ships or general use. 



Prices op St 


EAM Winches, 


» Figs. 202 to 204. 




Power of winch in tons 


2 


3 


4 


5 


Number and diameter of cylinders 


2—5" X 9" 


2— 6"X10" 


2— 7"xl0" 


2-8" X 10" 


Price of crab^ Fig. 204, without! 
link motions or third shaft . . / 


£70 


£80 


£95 


£105 


Price of winch, as Fig. 203, with^ 
link motion and extra hand shaft/ 


£80 


£95 


£105 


£120 


Number and diameter of pumps . . 


2-4" 


2-4" 


• 2 5" 


2—6" 


Price extra, if fitted with pumps .. 


£35 


£35 


£45 


£.55 


Approximate weight in cwts. 


30 


35 


40 


45 


^ measurement altogether 


100 


130 


150 


175 



The measurement is considerably reduced if the winches are taken to pieces for shipment ; 
but what is saved in freight may probably be expended in the cost of erection at destination. 
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Pbices of Stbam WmoHB, Figs. 206 and 2ff7. 



Powetofwincliitt tona 


1 


U 


2 


Nnmbor of cylinderfl and diameter 


1-6J" 


2-51" 


2-61" 


Price without Eiik molioiji 








Price with link niotione 


£70 


£85 


£90 




29 


36 






JH 


150 





The cost of boilers complete vith itU focnace and Eteaia flttinga is — 

For one ringle^jylinder winch £40 

For one 2-toQ doDble^vliDdel' winch £50 

Fortwo2-loD ditto ditto £60 

FoT one 5-ton ditto ditto, or I fof. 

For two 3-ton ditto ditto f *" 

For furtliei details and prices of boilers of otiiet sizes, see pageB 55 to 64, Bection 1. 
The met of a steam dnnbe; pnmp Stted to the boilers ia trota £10 to £15. 
For use on board ship the bniler is often fixed on a wionght-iri>n tank, which contains the 
feed water and protects the deck. Tlie extra ooat of this is £12 to £18, according to the size of 
the boiler. 

Odo of the winchea is sometimes required to be fitted with a boilei feed pomp In addition to 
the donkey : and this can be done at a cost of £10. 

The c<Mt of fixing these winches necessarily varies witb the dimeasJons of the ship aod the 
relative podtions of the wiochea and boiler, and also whether the oonnactions aie uf iron or 
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Dopper {copper IB generaUy twed in ships of the beet clam); the length of chimney, aize of water 
tank, cost of delivery, travelling eipensea, &c., must hIbo be cuDiridcrcil ; but many paira of the 
S-toD winohee have been Szed by the auihors, and the coat, inclnding extra length of boiler 
chimney, copper pipes with flanged oonnectione, main stop valve and occk to each winch, and the 
' ' IB man, baa usually been about £45 to £50 per pair. 



COAL-WHIPPnTfi w lH<mS. A special design ia aJopted fi» this work, Ths cylindera 

act directly on to the barrel, and an ap-aQd-dowD rope is naed : the engine and boiler are made 
■eparale, and are as light as possible, ao that they can be taken in a boat alongside a Bailing 
abip, and readily hoisted on board by the ship's tackle- 
In some casea the whole of the winches req^uired to work the cargo in and out of the ship are 
driven from one engine placed amidshipa by meana of a high-speed cord carried along the deck, 
and protected by wood casings ; but the results obtained do not show much economy either in 
fllst coat or in working sipeDses. 

A email set of hydraolio machinery would probably meet the case in a mnch more perfect 
manner than the BJstem above mentioned; and forvcsscla of great tonnage the same plant CODld 
be u^ed for working the cranes, windlaaa, hydranlic steering gear, Ac. The accomulalor would 
be small, and weighted by ateam instead of by the ordinary weight case. 

But perhaps £e most perfect and conveoient arrangement would bo to work the winchea and 
other appliances referred toby compreaaed air, nhioh gives off no lupuur in ezbaus ting into the 
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atmosphere, and which can be carried in pipes below the declc. This is soaroely admissible with 
steam pipes, because a slight leak woiud (and, indeed, has) caused very heayy loss to the 
owners. 

A boiler and engine, with an air-compressing apparatus, would be fixed in any convenient 
position, and the air, compressed to about 40 lbs. per square inch, would be conducted in pipes 
in exactly the same way as if steam were used. The air-compressing machinery would some- 
times render invaluable service in forcing fresh air into places which are inaccessible to any 
other means of ventilation, and the heat, moisture, and smell caused wherever a steam winch is 
worked would be avoided, the whole of these inconvenieDces being localised to where the 
engine and boiler are fixed. 

8TEAX STESBIKO OBAB. The application of steam power to steering vessels of great 
burden, especially the largest class of ocean-going steamers, is now considered almost essential, 
not only with a view of relieving the men from a most arduous part of their duty, but also for 
facilitating the handling of ships under critical circumstances in a manner which would be 
impossible with the slower operation of steering by manual power. 

A pair of steam cylinders of suitable diameter are placed at an angle of 90^ to each other on 
one of the side frames. Between the side frames is a chain wheel, over which a chain passes, 
giiided by pulleys and connected to the rudHer, the steam gear being usually placed amidships, 
on the main deck, and the steering wheel fixed on the top of the deck house or bridge : this 
. wheel is connected by a light shaft and suitable toothed wheels to the eccentrics and valve gear 
on the crank shaft, and as the wheel is moved (which requires very little effort) on the bridge in 
either direction, the eccentrics are moved on the crank shaft, and the engines immediately 
move in unison, bringing the rudder up to any desired point. When the wheel is released the 
rudder comes back to its central position. In some cases a duplicate wheel is fitted on the 
main deck in addition to that on the upper deck, so that the steering gear can be worked from 
either position* Steam-steering gear is usually fitted to work by hand or by steam power at 
pleasure. 



Gear for steamer of tons burden 

Price with wheel and indicator at engine only .. 

„ „ „ on bridge only .. .. .. 

„ „ „ at engine and on bridge 

Price extra with hand-steering gear in addition to the steam .. 
Approximate weight in tons 

,, measurement in cubic ft. .. .. .. •» 



1000 


1500 


2000 


3000 


£160 


£185 


£235 


£290 


£160 


£195 


£245 


£300 


£170 


£205 


£255 


£310 


£30 


£35 


£40 


£45 


2 


2i 


2^ 


8 


100 


125 


150 


200 



COHTBACTOBS' and BXTILDEBS* STEAX HOIST, Fig. 208. The general construction of 
this machine is practically the same as Figs. 188 and 189 ; the chief difference being that an 
ordinary chain-barrel is substituted for the windino: drum which is required for wire rope. The 
framing is of rivetted wrought iron, or cijannel bars welded up at the comers, and the part 
under the boiler is plated top and bottom to form a water tank. This form of engine is very 
largely used instead of horses for hoisting barrows with an up and down chain on the barrel ; 
the travelling wheels are plain or flanged, and they can be made to run at right angles with liie 
engine shaft in th^ stime way as is shown in Fig. 210, a cranked swivelling axle being used for 
each wheel; this is often extremely handy for movmg along a jetty or pier, or for use on the 
top of an excavation. 

The following data was obtained from the working of a number of these hoists used in the 
cmstruction of the Thames Embankment: — The work to be done was lifting barrows containing 
the excavated materials a height of about 85 ft., and lowering an empty barrow at the same 
time as the full one was lifted. This was accomplished by a chain attached to each end of tt e 
chain-barrel, so that whilst one chain was being coiled on the barrel the other was un-coiling ; 
each of these chains was led over a rubbish wheel suspended from a pair of legs steadied by 
guy ropes, but having sufficient play to allow the barrows to bear lightly against the guide 
planks in ascending, and when at the top the barrows were easily landed on the stage by slightly 
pulling over the legs. 

In this instance, as in many others, the space available was so limited that it would have 
been almost impossible to employ horse runs to have done the same work. Each hoist could 
easily make 30 to 40 lifts per hour, and tie average working expenses extending over several 
months, including all charges, was but 4«. 6(2. per day, which shows very great economy over 
the old plan of working with horses. 
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When flmpIaTed (iv hdating bnilding materiiJB, the engine is oBually pnt down in a central 
position, and the ohaina or ropeci are earned away in apposite directions to the two extreme 
enda of the works, and there lioiits the hricke, mortar, Ac., in barrows on to the aeaffoliis, along' 
which they ore wheeled to serve the biioklayen). These hoists hare been used bj the con- 



tnictore Tor the erection of many of the large buildings in London ; amongst which ma^ be 
liientioned the Inns of Court Hotel, Grodvenor Mansions, Broad Stroet Station, I^ondou and 
Gliatham Goods Depot, &c At the Inns of Court Hotel the engioe also drove a small mortar 
mill : apart fruu the great saving in space and in horses, the xaaa imployed are kept well 
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served and get tiirough more work than when the snpply Ib [atenmtteDt ; the proflta fnim this 
source alooe are eetimated to have amoualed on a larg^ building to aboat £20 per weeh. The 
hoist, Fig. 208; has a quick gpoed of lifting geac only, but they are nBually made with two 
speeds ; one foi woik of tlie naturo indicated above, and a alow speed for hoisting oolumns and 
^rdcis, timbers, stones, &c.; the weight lifted direct from the barrel is about IScwt., and for 
heaviei-loaiU blocks and tills are ust^. The size employed for lifting bairowa is 3-hone power 
nominal, but they are made up to 12-horse power, and with single or double oylindera. The 
ends of the shaRs are eilended, bo that a capataii, a pump ^^n or pnlley may be flited f<ir 
tranamittlng power for other purpoaea, and each engine has revendDg gear and all Iha nsoai 
appliances. 



DOUBLE -CYLnn)EB HOIBT, Fig. 209. The amallest size is S-horoe power; the engines 
can be fitted wilhdouble-purohBBe gearing for lifting weights up loS tonadiitot from the burteL 

Many lioista of tho kind shown in Fig. 209 have been made for railways, docks, and 
harbours in this country and abroad, with wrouglit-iron side frames made from boiler plaie 
etrtngUiened with angle irons bent round nnd rivetted to the edges, the rarions shafts being 
carried in bosses rivetted to the sile plates ; this is a very cood conettuction, but tha cost i> 
about 10 per cent, bigbix than is given in the subjoined list of prices: — 
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Fsicn of Stbaii Hobis, Fig«. 208 and 209. 



Bowe-power 


3 


1 


6 


8 


12 


6 


8 


12 


l-5i" 


I-6J" 


1-71' 


1-9" 


1—11" 


2-61" 


2-t(i" 


2— 7i" 


Prioe, withoat wheeto or reveMingl 


£ 


£ 


£ 


£ 


£ 


£ 


£ 


£ 


150 


180 


210 


230 


300 


220 


270 


310 


Pnoo eitra with revemng gear ,. 


5 


e 


8 


10 


12 


15 


20 


25 


Price eitra for plain or flangedl 
wheels WA^ioxfct.. ..J 


fi 


5 


e 


8 


10 


6 


8 


10 


Price extra for toad wheala, loci-1 
ing plate, and ahafu J 


10 


10 


15 


20 


25 


15 


10 


25 


Price extra for felting, lagging 1 

end canng boiler .. .-J 


8 


10 


13 


15 


18 


12 


15 


18 




5 


6 


7 


8 


10 


7 


8 


10 


Approximate weight in ton* 


31 


SJ 


a 


6* 


7* 


5 


61 


V, 
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THE HOISmrO EITGIIIE, Ti^. 210, is Mpable of being need for tho same pnrpoBeB u 
Fig. 208, but the engines are the mverted-oylinder type, anil of (be Bame design aa are nscid bo 
largely for small steam launches and yachts, and are quite independent of the boiler. Thie 
coDstmctiou is imdoubledly superior to that in Figs. 208 and 209, althoagh in maottce little ot 
no trouble is experienced &odq the expansion of the boiler if the Talvea are set vnile steam is up, 
bnt it is better adapted for tmnning at very high speeds, and the pnrpose (pile driving) fur 
which the encones irere originnlly designed demands almost an eiceasive speed. The ayatem 
referred to, is that employed in Holland, and is explained in BeiHion 4. The ^iheelB 
bare crank axles for running at right angles relatively with the crank abaft aa mentiooeil 
p. 135 ; also the end of the hoisting barrel is fitted with an impiov^ form of Motion cluloh 
which is not neoeasary for general work ; but is invaluable for pile driving or wall boring. 
Two eizes of engines ate made, the smaller size has two 5-in. cylinders, and the larger two 
6-ia. cyliudeis, and the prioea are £220 and £265 req>ectiTel;. 

HOIST DBIVXB BY FOWZS. Fig. SII. This ia used for ezaetly the same description of 
work as the boiata, Figa. 20S and 209. bat it ii driven by any motive power, usually an ordinary 
portahle engine, either direct from the crank shaft, or a number ol them can be driven from a 
line of shafting fixed temporarily, the aame motor and shaft being used for driving mortar pans, 
a saw bench, pump, or other machinery. 

The hoist occupiea a ground apace of abont 4 fL >c 5 ft. ; the gearing is single snd double 
piuchaae, and ia mounted on a atilf cast-iron base plate, the principal shafts having gun-metal 



Fig. 211. 

bearings with loose caps, and lock nuts. The driving pulley can be placed as shown, or on the 
axis parellel with the bajrcl ; tbia is a great adrantage when the space in which the hoiit and 
engine have to be placed ia limitod, because Uiey can be in line or at right angles to each other. 
The hoist ia stopped or put in motion by one lever only which actuates a pair of cone fiiction 
cintches, the poUey shaft being driven continuously in one direction, and the brake ia worked 
by a foot lever directly below the starting and reversing lever. 

THE HOIBT SEIVXR BY TOWEB, Fig. 212, is adapted for precisely the same duty aa 
Fig. 211, but is of cheaper construction. A pur of caat-iron plates are bolted to a timber 
frame, and the various bcesea bored ont to receive the shafta ; the reversing motion is obtained 
b; using crom and open driving straps inat«ad of friction otntchea and mitre wheels. This boiat 
can only be driven in a direct line from the engine, and ia not fitted with brass bearings. The 
hoists, Piga. 211 and 212, are proportioned to lift 10 cwt at a high speed, or np to 20 owt in 
the double purchase at a dower speed direot fi'Om the barrel, and when required for loads 
above this limit, blocks are used, the end of the chain or rope fall being attached to the barrel. 
Tlie nsoal practice ia to have two chaina on the barrel at one time as explained at p. 135, and 
to use them daring the ordinary working honrs, tor bniuting the briciu, mortar, timber and 
light materials, and Ekfter the ordinal; honrs (or until an ample supply of materials bos been 
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Price of hoist 
Weight 

MeaauremeDt 
Pri(« of boiat 
Weight 
Measurement 
Extra for capstfu 



Fig. 212. 



BinXSEB'S HOISTS. A very nsefal band-powei' bnilder'a hoist is that invented hj Messra. 
CoUioa aod SUDbory. This consistB of a pair of lieht endless pitch chains workiDg over a 
eaitable pulley driven bj a, wheel and pihiou. with a fly-wheel on the handle shaft. The wbola 
IB mounted on a tight iron frame, and the method of using this appatatUH is to run up a light 
vettical framiu^ of ordinary scaffold poles equal to the height of the intended bailding, the 
gearing being filed at the top ; the chains rrecb within about 2 'ft, of the ground, and a 
man is stationed on the top who keeps the chains constantly in motion ; the hods of bricks or 
mortar are hooked on below and are t^eu off at any desired height as the building progresses, 
and the empty liods are booked on to Ibe descending side of the chnin. 

Another very excellent labour-saving machine, much used on the Continent, especially ia 
France and Belgium, for erecting large atone buildings, consists of a wood framing very similar 
to a pUe-driver framing, mounteil on flanged wheels, and travelling on a paii uf rails of about 
10 ft gauge, which is laid parallel to the front of the building in course of coostructioa. The 
inner rail is laid about 5 ft. from the front, and ia carried somewhat higher than the top of the 
building. A small portable engine, flxed on the base of the frame, transmits motion to suitable 
cearing for moving the frame on the rails, lifting the stouea from the draya and (if already 
dressed when brought to the works) directly on the walls of the building. The facility and 
speed with which the various operations are performed, and the saving of a heavy and costly 
timber scaffolding of sufBcient strength to carry heavy blocks, or a traveller, renders this 
machine worth the attention of bnilders and contractors in this country. The framing is 
bolted together, so that removal and re-eiection are not difficult operationa. 



Pig. 213. 
EAin>-POWEB WTNCZ. Fig. 213 is ensiaved from n photograpb af the tKble-pnnliase 
irincliea oc creba, designed bj the Author^ »nd constructed for H.M. GoTemment for moving 
the 81-ton gim into position at the proof butts at Woolwich and at StiDeburyiiesB. Ttie whole 
of the gearing is of tbe strongest form and proportions ; the diameter of the shufta is increased 
-where me wheels and pinions ore keyed on, tlie full seetion of the tihufCs being thus pieserved ; 
the bearinca throughout are of ample length, and are bushed with gun metal ; the pawl and 

{awl whe^ are of wrought irou, the | awl wbeel being keyed on to the third moUon siuilt; the 
reak wheel is cast to tbe third motion spur wheel, and is lined with woixl and fitted witli 
wronght-iron lever. The whole of tbe pinions, where posaihle, are flanged up to tbe points of 
the teeth. The large spur wheel is keyed direct on to the barrel, eo as to relieve the barrel 
shaft from any torsional strain; the hand shaft is fitted willi pawl for moving the shaft from 
double to treble purchase. Tho wrought^iron handles are fitted with loo^e brass quills, and 
made of a considerable length. sr> that fonr men can work at each handle. The bottom stays at 
each comer of the crab framing are fitted with heavy wronght-iron shackles, which are used 
for holding down the crab, or tor attaching a anatoh block when a lead other than from the 
barrel is required. These winches are caleulated to lift 5 tons direct from the barrel, but there 
is a very large margin of safety. With double sheave blocks and fall, 25 tons may be lifted, or 
with 2 and 3 sbenve blocks, 30 tons. The weight of each crab is 3 tons. The price is 
£70, or with shackles, £75. 

Much larger hand-power crabs than that illustrated and described above, have been 
constructed by the Authors, and when the size and power exceed that of the 5-tun crab, it is 
usual to make it with entirely double sets of gear and spur wheels at each end of the barrel ; 
bj this means two hand shafts are obtained with a considerahle distance between them, 
admitting of double the namberofmen beinf; employed vrithout any crowding at the handles, 
also the strain on the wheels andshaftsisdivided between two sets of gearing. The framing of 
the crab in this case is more rectangular in form, but the style of work thioughont is similar to 
that above described. 

A large number of crabs of this type are in use in the various Oovemment Eatablishments. 

THE HAITI) WmCH, Fig. 214, was also cooatructed for H.M. Government (War Department). 

The general design is liie same as Fig. 213 ; bnt it is only proportioned to lift toads of 3 tons 

direct fmm the bairrel, or 15 tons with 2 and 3-Bhaave blocks and falls. The gear is single and 

double purchase, and the handle shaft is fitted with loose and fast pulleys for power. One of 
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these crabs was p1>iced on a large bu^e which ■was used as a flontinK ihears for lajing tha 
ooDcrete blooks reqaired in tlie works which were so sncceaaftUly com^ueled, from the desigDH 
uid under the Bnperiatendeooe of Sir OharleB Hartley, at the SulhiH month of the Danube, in 
aooordance nith the prorilioaa of the Treaty of Pam (1856). 



EATO WUrOE, Fig. 215, differs alighll j in conrtniction from Fig. 213, &nd is calonlated to 
< lift two tons direct from the baireL A Targe number of these crabs have been supplied to the 
various departments of H.M. and other GoTemmenls, and to many Bailwaja and Dock 
Companies at Ikome and abroad. 



In oalonlafing the powers given in the following Tables, it has been asstuaed that 2 ftod 
S'Sheave blocks and falls will as usoal be employed ; and if tiie lead is taken direct from the 
btuteU the power given in the Tables sbonld be divided by 5. The lesnlt will be the weight 



HOISTING MACHINERY.— SECTioK a 



Prices of Cbarb, Figs 


214 and 215. 








S 


10 


15 


20 


Prioeotorab 


£25 


£35 


£13 


£S0 


Price eltra if Tritli brasB bearings . . 


£3 


£i 10 


£7 


£9 




£4 


£5 


£6 


£7 


Price eitra -with cftpstan, each .. 


£10 


£15 


£1 10 


£1 15 


Weight in owtB. 


16 


22 


28 


35 




05 


80 


luo 


125 



must be kept as low aa possible; tbis is effected bj mAing tlM burel shorter and ooTrespond- 
ingly leducing tbe lengths of all the abafts and Btaya, and bf m&kiag the side t^mes smallor 
than in F^. 215, which cover tbe largest spnr wheel and protect it from breakage. The 
powers and strength of the ^^ear are in the same proportion as Fig. 213, and where a great 
length of barrel is nut reanired tlieae crabs will do excollent eervice. 



Fig. 216. 
Pbioes of Cbabb, Fig. ! 





3 


5 


V .10 






£10 15 


£13 10' 


£22 


£32 10 




£1 12 


£1 15 " 


£2 


£2 10 




£0 10 


£0 15,0, 


, >£1 


£15 


W«ght8 in cwts. 


5f 


8i 


11 ' 


21i 








60 
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Psicrs or wbouoht-igoh Fbamb Cbabb, FigB.'&I7 a3 



by angle iroM, wbioh 
are welded np nud 
rlratted to the eAgea 
of the frames; tlio 
joumala are carried Id 
ttrong cait-iioa bosBes 
tivetted lo the plates. 
The gearing ia of th» 
same picportioTi ai that 
used in the oraba of cor- 
reapondiDg power with 
cast-iron sides. 

The wioches shown 
were made to speoifi- 
mtioD for tlie Oude 
and Boliilkund Eail- 
nny Company, and tlie 
brakes weie out-ide of 
L the &ame9, but it ia 
p^Kenerally preferable to 
^cast the brake to tlie 
~ 'argespnrwheol.which, 
being iiisiilo the fnunn, 
IB protected from break- 
age by rough handling. 
in many phicos wlieie 
- repaiCB cannot be ef- 
fected the flrat cost of 
a crab ia of little im- 
portnnco provided that 
it cannot be broken by 
rough naaga; in aiiih 
cases the wheels aio 
made of uinlltable iron, 
machine moulded. The 
cost is necessarily 
higher, bat the extra 
outlay may perhaps 
guard against the ac- 
cidents which ao fre- 
quently happen lo this 
kindof macliinery. 

Steel wheels and 
pinions are altO used 
where the first cnosi- 
derations are to reduce 
the weight for liaas- 
port and lo insare im- 
munity from breakage. 
The cost of these 
crabs wiUi steel or mal- 
leable cast-iron v heels 
is about 25 per cent, 
alove the prjws in the 
subjoined list 

1218. 



Power of crah in tons 
Single or double purcbaae,. 

Prioeoferab 

Approximate weighta In cwt?. 

meahurement cub. ft 


I 

Single. 
£10 
5 
21 


2 
Double. 

£12 
6 
30 


3 

Double. 
£14 

7 
35 


4 
Double. 

£16 
8 
40 


9 
Double. 

£18 
9 


10 

Double. 

£25 

12 
GO 
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UEIHT HIVD TIROHEB, Figs. 219 and 2S0. Pig. S19 ia a light doable-pnrcliase erafa, or 
wmcb, toi baildera* and luaaoDa' work, where small loads Bie required to be lifted by one man, 

und being light it is easily 
moved from ]>lace to place. 

The aide framea are of 
oonaiderabie atienKth, the 
flangea being dcnble and of 
a. good depth ; the joumBls 
are of ample length eccu- 
latel; boied oat iu positioo, 
and the shaflB ere tamed 
throoglioot. The brake 
wheel is turned on the faoe^ 
and the brake strap ia lined 
with wood ; the pawl wheel 
is ca«t to the end of the 
barrel and fitted with 

supplied. 

Fig. 220 ia similar in 

dedgn, but is fitted with 

aingle-purohase gear and a 

fly-wheel. 

If the crab is required to 
work with a crane jib, as 
shewn in Fig. 133 p. 47, for 
high lifts, the momentnin 
given by the fiy - wheel 
Kreatly assiats the atteU' 
dant, both in the auotmt 
of work performed and in 
the time occupied 

The side frames are quite 
equal in strength and size 
to the double-purcbaee vrab. 
Fig. 219,, the same height 
to the taming centre being 
necessary for a light and 
sii^le-purchaae crab as for 
heavier and more powerful 
crabs; tins is a point which 
is frequently lost eight of, 
and many small power crabs 
are made whicli are only 
about 18 ins. from base io 
the tuminf; point, inttead 
of being 36 iiis., and the 
importance of making lift- 



tew shillings in flrst cost. 



„ eitra, if fitted with gnn-metal boshes 

,; „ fly-wheel 

Approximate weight, withoot fly-wheel, in cwls 


£7 10 
£1 12 
£2 

S 

28 


Price of 1-ton Binj-le-pnrehase crab. Fig. 220 

„ extra for guD-metul bashes in hand sLaft 

„ „ „ fly-wheel, as shown 
Approximate weight, withont fly-wheel, in cwts. .. 


£a 15 

£10 

£2 

5 

21 
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Fig. 221. 



Pig. 222, 



Fig. 223. 



Pis- 22*. 



FULLST BLOCKS. Figs. 221 to 221 
are made of the beet scrap iron iritli t. 
iron sheaveH. 

If gun-rael*] sheayes we Huhstitnted for the OBoal CMt-iron Bh^avpa, tlie prices giren below 
will be inoresBed 30 to 50 per cent. In ordering pulley biooks, it is adfisabie to state irhether 
tbey ate reqnirf^J for ropes or for chaina. 



Diameter of flheave .. 


3" 


„- 


4" 




5" 


fl" 


7" 


8" 


S" 


10" 


cbita .. 
GirtliofmpB 


f 


Jr 


3" 


^r 


Ji- 


«• 


«- 


4- 


1- 


,'r 


Price 1 slieave. Fig. 221 






l4/( 




l!»/h 




M/ 




BO/ 


V2/ 


.. 2 » Fig. 222 


11/ 


13/ 


17/ 


!!»/»> 


21 /h 






7a/ 


UK/ 




„ 3 „ Fig, 223 


IV 


17/ 


IH/t 


24/ 


2f!/(. 






HO/ 


lai/ 


Ley/ 




17/ 


IH/' 


24/ 


30/ 


3H/ 




84/ 


lUH/ 


144/ 


192/ 


„ Biiatch blocks, Fig. 224 .. 


14/6 18/ 


21/ 


24/ 


28/G| 32/6 


4a/ 


bV 


titi/ 


7B/ 



The FULLET BLOCKS, Tin. 225, ore of fcreat strength, and a 
adapted for lifting hiav; giins, or other great weiglits. The sheaves a 
made ezlia wide, and the prices are : — 







12" 


12" 


18" 


Tolift, tciofl 


15 


20 


25 


31) 


Size of chain 


1" 


r 


i" 


1" 


Price 1 Bbeare 








144/ 


„ 2 




150/ 




m> 




144/ 




204/ 





Diameter of pulley 


3" 


4f" 


6" 




8" 


9" 


10" 


Price each 


2/« 




*/ 


4/fi 


5/ 


7/6 


9/S 


Diameter of pnlley .. 


11" 
















12/ 


13/6 


14/0 


17/ 


la/ 


22/ 


24/ 



E BizBB ,iin> LiFnira Fovbbb or Fcllki Blocks. 







.. 1 3" 


3t" 


4" 


f 


S" 


B" 


7" 


fi" 


9" 


10" 


ir 


i«" 


Width of groove .. 






*" 


t" 




I" 








H" 








owta. 




3 


b 


H 




12 


1» 


•" 




4. 


■" 


150 
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H7 



To ascertain the size and number of sheaves required io lift a given weight, divide the 
weight to be lifted by any weight in the above Table ; the xesnlt will give the number of 
sheaves and sizes of blocks required. 

ExAUPLE — If 60 cwt. is to be lifted, either of the following 
combinations will be suitable : — 

A pair of 3 and 3 sheaves, l in. at 10 cwt. per sheave ot\ ^a --x 
,, 2 „ 3 , 1 „ 12 ,, |«>cwt. 

Note. — The powers given above are approximately correct ; but a 
sufficient margin should always be allowed. 

DIFFEBEimAL PULLEY BLOCKS (Weston's). 

Tested to . . 
Price of blocks per set .. 
If fitted with spocket wheel 
Bright chain per foot 

Tested to .. 

Price of blocks per set . . - 
If fitted with spocket wheel 
Bright chain per foot 

Weston's Blocks with Tangte's Patent Gear, Fig. 227. 

Tested to .. .. .. 4 tons 5 tons 6 tons 8 tons 10 tons 

Price of blocks per set .. 135/ 200/ 240/ 320/ 400/ 
Bright chain per foot .. 1/3 1/6 2/4 3/ 3/6 




Fig. 227. 



5 cwt. 10 cwt. 12 cwt 20 cwt. 
12/6 20/ 20/ 30/ 



/6 



/6 /7 



/9 



30 cwt. 


40 cwt. 


60 cwt. 


80 cwt. 


40/ 


50/ 


100/ 


120/ 


• • 


75/ 


110/ 


135/ 


/lO 


/ll 


.1/1 


1/3 




PATENT EAim HOIST (Moore and Head's Patent). This block or 
hoist is specially constructed to enable one luan to raise heavv weights 
with ease and rapidity. It is so arranged that the man can check it with- 
out difficulty when the' weight is falling. It is simple in arrangement, 
strong in construction, and easy to move about. It can be fixed to 
any beam or bar, and supplied with chain for any length of lift ; and is 
specially suitable for mills, warehouses, builders* purposes, brewers, 
farmers, Ac. It is (when ordered) fitted with an effective brake, by 
which means the load, when being lowered, is entirely under the 
control of the man. 



Lifting power 

Price 
„ hand chain per foot 
„ lifting chain „ 
„ if fitted with brake 


2 J cwt. 
£1 10 

n 

15/ 


5 cwt. 
£1 15 

n 
n 

15/ 


10 cwt. 
£2 10 

n 

1/3 

20/ 


15 cwt. 
£3 5 

/ll 
1/8 

25/ 


20 cwt. 
£4 

/u 

1/8 
30/ 



Fig. 228. 



PATENT SACK HOISTS, Fig. 228. These hoists are well adapted 
for lifting light loads rapidly into granaries, warehouses, and stores. 
They are supplied, when required, with an effective brake, which is of 
great advantoge in lowering into carts, &c. It will be seen from the 
engraving that the construction is exceedingly simple : two wheels of 
different diameters are cast together, the smaller one carrying the 
lifting chain, the larger wheel the endless chain, and by this arrange- 
ment great power is obtained. The speed and power of the 5-cwt. 
hoist is equal to 5 to 1, and the 20-cwt. size 15 to 1. 

The height of lift should always be given when ordering. 

Lifting power 
Price of hoists 

Prices ofchains per foot including 1 
rings or hooks . . . . . . / 

Extra for brake .. 



3 cwt. 


5 cwt. 


10 cwt. 


20 cwt 


30/ 


36/ 


45/ 


65/ 


n 


n 


/8 


/8 


15/ 


20/ 


20/ 


20/ 
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TA.TES1 BAJKTU HOIR, Fig. !29. hsa been desinied fbi use whcie great care in lower- 
ing is reqnired. Oa Fe?ei«ilig the main wheel the lodd begina to desoend at a oodeiate speed , 
and ia kept io motiun bf oocasioiiallf pallins at the 
rope. If the load be allovfod lo run it will check 
itself gradually until it gtopa, and if the rope ia 
auddenly " iet go " whiUt lifting, the load will remaia 
in Buapenae in its then position. 

The epocket-wheel ib about 2i inches in diameter, 
and the dislanoe between beitiiu about 16 inches. 

Price lo lift 2i cwt .. ,. £4 

Chain with one hook .. Si. perfoot. 

Bope .. SJd. „ 



PATEHT SOTBU-LIIT BAFZTT HOIST (Weston's 

Patect). This hoist ii Belf-auetaining. When the 

hand rope is released, Ule load remains in saapenBe. 

ij,. q„Q The lowering is effected by pulling tlie rope on the 

*'6' *-=>'■ ■ other Bide ot the wheel. Tte chain has two hooks, 

one desceniiing while the other ascends, so that when one hook reaches the top. the other is at 

the bottom recidy for anntlier load, thereby losing no time in running the empty hook np end 

down. One man can lift the weight, and b; hooking no the end of the chain and ttsing a 

aingle-Bhoave pulley block in the loop thus formed, double the weight can be lifted. lu 

ordering, the height of lift shonld be stated. 



Tolift,cwt8 

Price of hoiat 

Beat tested chain per foot 

Ropeperfoot 

One-sheaTe pulley block 


2! 
£3 
7 
4 
5 


5 
£7 10 

10 
4 
7 6 



KfJfBMILlC UFTmO JACK, Fig 280. These JbcVb lift either from the foot or top, are 
eimple in action and oonatruction, yvij safe and portable, iiud ao arranged that one nan can 
lift from 1 to liD torn. 



To lift, tons .. 


4 


fi 


s 


10 


12 


Height .. 


23" 


24" 


25" 


26" 


26" 


WiUnmout .. 


10" 


10" 


11" 


12" 


12" 


Weight, lbs. .. 


57 


IS 


76 




96 








£7 


£S 


£9 



To lift, tons 


15 


20 


30 


40 


50 60 


Height .. 


26" 


2B" 


W 


VX" 


28" 28" 




12" 




\-f" 


It" 






101 




174 


'ffl« 






£1010 


£12 10 


£17 


£20 


£22 ■ £25 



HTSBATTLIC TKATBBanTO JACK. This Jack L 
made to traverse in the same n 
232, and the prices, mounted OJ 
including ratchet lever, are — 
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The ETSB&ULIC SHIP JACK, Fig. 231, ia suitable fur lifting ships, girders, bridge work, 

and -otlier unDBuallj bcavj loads. The pump and cistern aaa be detacikud from the nun fur 

, being worked at May distance from the weight 

to be raised, or several rams csa Ije worked from 



To lift, tons 


an 


3R 


ftO 


,» 


100 


isn 


9M 




li" 


7" 


T 


7- 


7" 




7" 


down ..J 
Price.. .. 


12" 


n- 


14' 


H- 


14" 


It" 


14" 


£12 


15 


18 


. 


22 10 28 


33 



IXAVEBalSa BOBEV JACKS, Fig. 2: 



, with doable ratchet lever to 



Will lift, tons 


6 


S 


12 


15 


■ 20 


Heieht when down 


20" 


24" 












9" 








Prices 


£6 10 


£7 


£7 15 







Fig. 232. 
HAIETS SCSXW JACEB, Fig. 2: 



Fig. 233. Fig. 2S4. 

n wood case, and Fig. 234, in malleable iron case :- 



Will lift, tons . 


3 


. 


6 


8 


ID 


12 






Wm run out .. 






13" 


13" 


13" 


14" 


14" 




Prioee .. 


£4 10 


£5 


£5 15 


£7 


£8 


at 


£15 


£18 10 
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SACK and PmOK JACK, Pis. 235 :— 





Biamt Pdbch»«ii. 


DoDBU Pdbchui. 


WiU lift, toDi .. 

Heiglit when down .. 
Prioes 


2 
30" 

£5 10 


S 

30" 
£6 10 


S 

36" 
£7 10 


3 

80" 
£7 


4 

80- 
£7 10 


6 
31" 

£8 10 


8 

S3" 
£9 10 





- 




WiU lift, tons 

Height when down 

p™^ 


6 

21" 
£3 17 6 


8 
£4 10 


10 

27" 
£5 7 6 


n 

30" 
£6 10 



BOmX JACK, with coat-iron frames. Fig. 237. 



Will lift, tons .. 
Height when down 
Prices 


£017 6 


2 
16" 

£1 


4 

18" 
£12 6 


5 

21" 
£1 6 


6 
24" 

£1 10 


8 

24" 
£2 


10 
34" 

£2 10 



Fig. 235. Fig. 236. Fig. K7. Fig. 238. FJg. 239. 

TBIFOl} and BOTTLE JACKS, Figs. 233 and 239 (or cotton screw):— 



Will lia tons 
Height when down . 
Prices 


li 
9" 
£1 4 


2 
12" 

£17 6 


3 

15" 
£1 12 


4 
18" 

£1 18 6 


5 

21" 
£2 5 


6 

24" 
£3 




WIlUift.tonB 
Height when down . 
Prices 


8 

27" 
£3 13 


10 
30" 
£4 10 


12 
33" 

£5 10 


86" 

£6 7 6 


16 

42", 
£6 17 6 


IS 
48" 

.£7 15 



HOISTING MACHINERY.- Section 2. 



151 



USEFUL TABLES AND MEMORANDA RELATING TO HOISTING 

MACHINERY. 



P&iOEs AND Weights of Best Tested Shobt-link Cbane Chains. 



Size of chain .. 

Approximate weight per foot in lbs. 

Proof strain in cwts. .. 

Working load in cwts. 

Price per cwt. 

Price per foot .. 






i 


A 


"i 


A 


f 


1.33 


1.91 


2.33 


3.25 


3.66 


36.75 


45.0 


65.5 


75.0 


102.0 


20.0 


24.0 


27.0 


44.0 


53.0 


33/6 


29/6 


25/6 


24/9 


24/- 


-/4i 


-/6 


-n 


-A4 


"/9i 



Size of chain .. .. .. .. 

Approximate weight per foot in lbs. 
Proof strain in cwts. . . 
Working load in cwts. 
Price per cwt. 
Price per foot .. 



f 
5.33 

147.0 

80.0 

22/6' 

1/1 



i ^ 
6.71 

200.0 

110.0 

21/6 

1/3 



,1 
9.33 

268.0 

140.0 

20/6 

1/8* 



. IJ 
11.9 

334.0 

180.0 

20/- 

2/1* 



Common Chain, for ordinary purposes, 4/- per cwt. less than above prices. 



li 

14.5 
408.0 
220.0 

20/- 
2/7 



Prices, Weights, Wobeing Loads, and Bbeaking Stbains of Bound Iron Wire Bopes. 



Circnmforence in inches 


1 


H 


H 


2 


2J 


2J 


2f 


Weight per yard in lbs. 


0.5 


1.0 


1.00 


1.75 


2.25 


2.75 


3.25 


Working load in cwts. 


6 


9 


15 


21 


27 


33 


39 


Breaking strain in cwts. 


40 


60 


100 


140 


180 


220 


260 


Prices per cwt. 


42/- 


40/. 


40/- 


38/- 


38/- 


38/- 


40/- 



Circumference in inches 
Weight per yard in lbs. 
Working load in cwts. 
Breaking strain in cwts. 
Prices per cwt. 



3 


3i 


1 

3J 


3f 


4 


4i 


5 


3.75 


4.25 


5.25 


6.0 


7.0 


9.0 


11.0 


45 


51 


60 


72 


84 


108 


125 


300 


340 


400' 


480 


560 


720 


900 


40/- 


36/- 


40/- 


40/- 


40/- 


40/- 


40/- 



Galvanised Ibon Wibb Bofe 5/6 per cwt. more than above prices. 



Prices, Weights, Working Loads, and Breaking Strains of Bound SIteel Wire Bopes. 



Circumference in inches 


1 


u 


li 


If 


2 


2i 


2i 


n 


Weight in lbs. per yard 


0.5 


0.75 


1.0 


1.25 


1.75 


2.0 


2.25 


2.50 


Working load in cwts. 


9 


15 


21 


27 


33 


39 


45 


51 


Breaking strain in cwts. 


60 


100 


140 


180 


220 


260 


300 


340 


Prices per cwt. 


65/- 


60/- 


60/- 


60/- 

■ 


55/- 


55/- 


53/- 


53/- 
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Pbioes, Weights, Wobking Loads, and Breaking Strains of Bound Steel Wibe Bofes.. 

iCantinuedJ) 



Cironmference in inches 


^ 


2i 


3i 


3J 


3i 


3f 


4 


Weight in lbs. per yard 


2.75 


8.25 


4.25 


4.50 


5.25 


6.0 


7,0 


Working load in cwts 


60 


72 


84 


90 


100 


115 


126 


Breaking strain in owts. 


400 


480 


560 


600 


720 


840 


960 


Prices per owt. .. 


52/- 


51/- 


51/- 


51/- 


51/- 


51/. 


51/- 



Pbioes, Weights, Working Loads, and Breaking Strains of Best Hemp Hopes. 



Circumference in inches 


. . 


- 




2f 


3i 


'4i 


5i 


6 


6J 




Weight per yard in lbs. 


• . 






1.0 


2.0 


2.5 


3.5 


4.5 


5.0 




^afe working load in cwts. 


* • 






6 


12 


18 


24 


30 


36 




Breaking strain in cwts. 


. . 






40 


80 


120 


160 


200 


210 




Price per cwt .. 








68/- 


68/- 


68/- 


68/- 


68/- 


68/- 


• 


Circumference in inches 


. . 


• 




7 


7i 


8 


^\ 


10 


• 


- 


Weight per yard in lbs. 


. . 






6.0 


7.0 


8.0 


11.0 


12.5 






Safe working load in cwts. 


» • 






42 


48 


54 


78 


84 






Breaking strain in cwts. 


• . 






280 


I 320 


360 


520 


560 






Price per cwt. .. 


. . 






68/- 


, 68/- 


68/- 


68/- 


68/ 






Prices, Weights, and 


Strengths of 


Flat Ro] 


PEs OP Iron, Steel, and Hemp. 

If 




Working loewi in cwts. . . 


* • 


44 


52 


60 


64 


72 


80 




Breaking strain in cwts. 


. • 


400 


460 


540 


560 


640 


720 




Size of tarred hemp rope 
Weight per foot, good qua 
in lbs. .. 


. . 


4"xli" 


5"xir 


5rxir,5rxir 


6"xir 


T X 15" 




"*^'} 


3.3 


4.0 


4.3 


4.6 


5.0 


6.0 




Price per cwt .. 


• • 


63/- 


^h„ 


63/- 


63/- 


63/- 


63/- 




Size of iron wire rope . . 


» • 


2J"xT 


2i"xr 


2f"x r 


3"x i" 


3i"xf 


3i"x J" 




Weight per foot in lbs. 


• • 


1.8 


2.2 


2.6 


2.7 


3.0 


3.33 




Price per cwt. .. .. , 


• • 


48/- 


48/- 


48/- 


44/- 


44/- 


44/- 




Size of steel wire rope . . 


• « 






— 


2"xr 


2i"xi" 


21" X A" 




Weight per foot in lbs. . . 


• • 


— 


— 


/■■ 


1.7 


1.85 


2.0 




Price per cwt. .. 


• • 








70/-. 


70/- 


70/- 




Working load in cwts. . . 


• • 


88 


100 . 


• 

112 


128 


136 






Breaking strain in cwts. 


• • 


800 


900 


1000 


1120 


1200 






Size of tarred hemp rope 


• • 


8J"x2J" 


8rx2r 


9"x2J" 


9rx2f 10^'x2*" 






Weight per foot, good quality, j 
in lbs .. f 


6.6 


7.5 


8.3 


9.1 


10.0 






Price per cwt. . . 

Size of iron wire rope . . 




63/- 


63/- 


* 63/- 


63/- 


63/- 








Sfxir 


4"xr 


4rxi" 


4J"xr 


4i"x3r 






Weight per foot in lbs. .. 




3.7 


4.2 


4.7 


5.4 


5.7 






Price per cwt. . . 




44/- 


40/- 


40/- 


40/- 


40/- 






Size of steel wire rope . . 




2rxr 


21" xf" 


3"xg" 


3rxf 


3^x8" 
3.4 






Weight per foot in Ids. . . 




2.2 


2.5 


2.75 


3.0 






Price per cwt. ., 




70/- 


70/- 


70/- 


70/- 


70/- 







if. T>^ 
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CTELOnS. To aaoeitain tbe stimms on the three principal members of A\&»aBe jBivilar In 
conhtruction to that shown in Fig. 127, construct a diagram of the crane to any^donwiten^-^pala 
as shown in Fig. 240. The crane taken for example is of 2-ton8 power, 14' 0'' r^iw^ |o8t^'|f " 
above the gzoond line^ and the jib at an augle of 45^ " ^ 




Fig. 240. 



Fig. 241. 



From P and T, Fig. 240, draw the horizontal and vertical lines cutting each other at A. 
The centre line of the post P J is divided into 8 equal divisions, each division = 5 cwt., or 
5x8=40 cwt., the power of the crane; tbe strains on tbe tension or tie ro<ls may then be 
measiued off with a scale or pair of compasses, as indicated on the diagram, the strain on the 
teusion rods P T being 124 cwt., the compression on the jib J T 148 cwt, and the strain 
on tbe post J P is shown on the line P A = 113 cwt., the post being regarded as a beam 
or cantilever loaded at one end and supported at tbe other. 

To find the strains on tbe post, jib aud tension rods of a ten-ton crane, with a roller path, 
similar to Fig. 126, the method shown in Fig. 241 should be adopted. 

To find the strains of the jib and tie rods, the centre line of the jib must be continued down 
through the roller path untU it cuts the centre line of the potit, and from tbe intersection of 
these lines at J the divisions representing 10 tons must be set off; on the line J P the strains 
on the tie rods and jib are measured off as before ; but for the post, a line parallel to the centre 
line of the crane post must be drawn from the point A to B, the load being set off on this ; the 
strain on the head of post will be found by measuring the line B C, the angle ABO being 
regarded as a bell crank hinged at B. 

To find the number of revolutions the handles of a hand-power crane will have to make to 
lift a given weight, the power on the handles being given : — 

W = Weiglit to be raised, in lbs. 
P = Power on handles, in lbs. 

D = Diameter of circla described by the handles, in inches, 
n = Number of revolutions of the handles to one of chain barrel. 
B = Diameter of chain barrel, in inches. 



B = 



D xP X » 
W 



« = 



WxB 
D XP 



^- Pxn 



WxB 

^ " » X D 



W = 



PxD xn 
B 



The height of the handles for hand-power cranes should be 2' 10" to 3' 0" from the ground 
line or platform on which the men stand to work, and the radius of handles should be 14" to 16". 

Tbe usual allowance for the power exerted by each man at a crane handle of 16" radius is 
25 lbs. for intermittent work, but not more than 15 lbs. for continuous work. 

The speed at which a man will turn a crank handle is from 25 to 30 revolutions per 
minute = about 200 ft 

The above rules for finding the powers of a crane do not include any aUowanoe for friction ; 
50 per cent, shovld be allowed for this. 
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FOBMULA FOB AfiOEBTAINING TUS FBOPKB DlAMBTEBS OF CbAITB PoerS. 

D = Diameter of post, in inches. 

W = Strain at top of post, in tons (found by the diagrams). 
8 = Distance or span from top of base-plate to the point of intarsectlon of centre line of 

post and tension rods. 
M = Margin of safety ; this should be 5 for wrought iron, and 7 for cast iron. 
K = Constant, which is 4.4 for wrought iron, and 6.6 for oast iron. 
= Internal diameter, in inches, of hollow cylindrical post (this must be assumed). 



D = ^K M W S for solid crane posts. 



3 



D = V (^ ^ W S) + C' for hollow crane posts. 

FOBMULA FOB CaLGUIiATI.SO THE StBILNGTU OF TbUSSED BeAIIS. 

W = Weight disiributed. 
L = Span of truss or girder. 
I = Distance of struts or tie from point of support. 
D = Depth of strut. 
A = Angle of inclination with horizon. 
8 = Strain on centre of horizontal beam. 
8 = Strain on tie rods. 

SmoLE Tbuss. 



OBDmABY QUEEK TbUSS. 

S = - jx-|T 1 = S sect. A. 



^ WL W . . 
S = g-^ = -^ cotan. A. 

L 4 

The loads on traveller beams should be taken at the centre; tbe results obtained by the 
above rules must tlierefore be divided by 2, and the usuiii factor allowed for the safe working 
loads. 

WBOn0HT-IBON AND STEEL OIBBEBS. The maximum working strain usually Allowed 
for wrought-iron girders in compression is 4 tons per square inch ; in tension 5 tons per square 
inch: the Board of Trade, however, allows 5 tons per square inch for iron, or 6J tons for 
isteeli in compression or in tension. 

D — Depth of girder, in inches. 
A = Area of bottom flange, in square inches. 
S = Span of ^rder, iii inches. 
B W= Breaking weight. 

/ = Kesistance of material in tons per square inch. 

B ^ -= — ^ •' for girders supported at both ends and load in the centre. 

B y^ = —fP{ for girders supported at both ends and the load distributed. 

Area of top flange should equal 1.18 of bottom flange. 
Depth of girder should equal -h^o^of the span. 

OAST-ntON 0IEDEB8. When the load on the girder is downwards, the bottom flange 
should be three times the area of the top one. v u u x • xi * xv 

If the strain or load be applied upwards, the top flange should be twice the area of the 

bottom one. 

D = Depth, in inches. 

A = Area of bottom flange, in square inches. 
S = Span of girder in inches. 
W = Breaking weight, in toni 

26 AD__ y^ supported at both ends with load at centre. 

52 A D 

- ^ = W supported at both ends with load distributed. 

Depth of oast-iron girders at ends may be 2 D 

3 ' 
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Safe deflection one-tenth of an inch per foot span for a load of one-third the calculated 
breaking weight. 

Table of Breakixg Weight op Cabt-Iron Gibdbbs 10' 0" to 35' 0" span. 



Span .. 
Depth .. 
Dimensions of bottom! 

flange .. ../ 
Breakingweight in tons^ 

distributed^. ../ 


10' 0" 
0' 10" 

6"X li" 
31 


15' 0" 
1' 3" 

8" X 1 J" 

50 


20' 0" 
1' 8" 

10"xli" 
62 


25' 0" 
2' 1" 

13" X If" 

94 


30' 0" 
2' 6" 

15" X 2" 
125 


35' 0" 
2' 11" 

17" X 2" 
141 



OEABINO. 

Relative pitch required to obtain the same strength in wheels made of different materials. 

Oast iron .. .. .. .. = 1.00 

Brass = 1.12 

Hardwood .. .. .. .. = 1.26 

Good malleable cast iron .. .. =0.85 

Phosphor bronze .. .. .. =0.80 

Wrought iron .. .. .. .. =0.75 

Oast-steel casting about . . . . = 0.70 

„ forging .. .. .. = 0.50 

The teeth of wood gear should be 1.25 times thicker at the pitch line than the iron teeth 
with which they gear. Brass wheels stand sudden strain better than cast iron. 

To find the actual horse-power that can be transmitted by toothed gearing. 

B = Breadth of tooth, in inches. 

P = Pitch „ „ 

V = Velocity of pitch line in feet per second. 

H = Actual horse-power which may be transmitted by the wheel. 



H = .06P*VB. 



-V. 



06VB 



To find the number of teeth in pinions to give a certain number of revolutions to a driving 
wheeL 

N = Number of teeth in driving wheel. 
n = „ ,, pinion. 

V = Number of revolutions in driver. 
« = ,* „ driven. 



» 



» 



n = 



NV 



V 



To find the diameter of the pitch line of a toothed wheel, the number of teeth and pitch 
being given. 

D = Diameter of pitch line, in inches. 

N = Number of teeth. 

P = Pitch of teeth, in inches. 

X = Multiplier (in Table), 



D=Paj 



P=^. 

X 



To find X in Table for any other number of teeth. 

X = Oosecant 



/180°\ 



To find the number of teeth when the diameter and pitch are given, divide the diameter by 
the pitch, which gives x, and take N irom the Table. 
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TEETH OF WHEELS. Few subjeots connected with mechanical details have occupied the 
attention of engineers and mathematicians more tban the form of the teeth of geared wheels, and 
the mode of prancing such curves as will absorb the least amount of the power to be transmitted 
by the friction of the surfaces in contact, and work smoothly and (as far as possible) noiselessly. 

The epicycloidal form of tooth is the most perfect ; but the curves are too complicated to be 
properly set out by an average pattern-maker or draughtsman. This consideration led Professor 
Willis to design the instrument illustrated, Fig. 242, which he called the Odontograph. By 
using this very useful instrument and the annexed tables, the circular tops and roots of teeth 
can be readily drawn, and, considering the shortness of the arc, the siiape of the tooth approxi- 
mates very clos^y to the tru0 epicycloidal form, and is quite correct enough for all practical 
purposes. 

The engraving. Fig. 242, is exactly half the full size ; and an instrument for temporary use 
can easily be set out from it on stiff diawing paper. The instrument and tables can, however, 
be purchased for about ten sbilUngs. ^ 

The scale is divided into twentieths of an inch on each side of the line I J, which is drawn at 
an angle of 75° with the scale. ' 

The engraving, Fig. 243, shows how the instrument is used. The wheel selected as an 
example has 61 teeth, 3-inch pitch. Having found the diameter of the pitch line of the wheel 
required, by the formula or the Tuble of Multipliers, p. 158, and this diameter being desoribedft 
set out A G = to the pitch of the tooth, and draw the radial dotted lines as shown ; bisect 
these by another radial line B. For the root of the tooth, place the instrument as indicated in 
No. 1, and in the Table for the Boots of Teeth opposite 60, which is the number nearest to that 
required, and in the column for 3-inch pitch, wUl be found 37. This point must be pricked off 
at (7, and the arc d e described. This gives the proper form for the root of the tooth. The 
instrument is then moved into the position indicated by the dotted lines No. 2 ; and 25 being 
the number given opposite to 60 in the column for 3-inch pftch in the Table for Tops of Teeth, this 
point is pricked off as above described, and from the point ^ the arc hdiB described. This gives 
the proper form for the top or &ce of the tooth. 

When fixing the points g and ^, it must always be reniembered that they will be found on 
opposite sides of the radial arm of the instrument. 

IHTESNAL 0EAB. In setting out internal gear the rule is inverted, the curve for the root 
becoming that which is given for the top in the foregoing instructions for using the instrument. 

EAGE OEAB. For setting out racks the pitch line becomes a straight line, and the instru- 
ment is applied to perpendiculars drawn on it equal to the pitch. 

The numbers for pitches not given in the Tables may be found by doubling or dividing the 
numbers of a given pitch. As examples, if 4-inch pitoii is required, double the number given 
for 2-inch pitch; or if ^-inch pitch is required, take half that given for 1-inch pitch. 

The diagonal scale, Fig. 244, gives the proportions of the various parts of wheels. These 
proportions give good results for wheels of ordinary dimensions ; but modifications are required 
for very small or very large wheels. 

I = Depth of tooth belov pitch line =1*5?. 
K= Height ,, above ,, .. = ^%, 

L = Breadth ,, - = f j. 

M= Width of space between teeth = /. 
D = Thickness of rim below the teeth = J^ P. 
£) = Depth of rib of rim ... .. = 1 P. 
F = Width of arm from feather .. = 1 P. 
G H = Thickness of metal .. «. = J^, 



Centres fob the Boots of Teeth. 




Pitch in inches. 



1 U 1} If 2 2} 2| 3 



13 
14 
15 
16 
17 
18 
20 
22 
24 
26 
30 
40 
60 
80 
100 
150 
Back 



129 


160 


193 


225 


257 


289 


321 


386 


69 


67 


104 


121 


139 


156 


173 


208 


49 


62 


74 


86 


99 


111 


123 


148 


40 


50 


59 


69 


79 


89 


99 


191 


34 


42 


50 


59 


67 


75 


84 


101 


30 


37 


45 


62 


59 


67 


74 


89 


25 


31 


37 


43 


49 


56 


62 


74 


22 


27 


33 


89 


43 


49 


54 


65 


20 


25 


30 


35 


40 


45 


49 


59 


IS 


23 


27 


32 


87 


41 


46 


55 


17 


21 


25 


29 


33 


37 


41 


49 


15 


18 


21 


25 


28 


32 


35 


42 


13 


15 


19 


22 


25 


28 


31 


37 


12 


15 


17 


'20 


23 


26 


29 


35 


11 


14 


17 


14 


22 


25 


28 


34 


10 


13 


16 


19 


21 


24 


27 


32 


10 


12 


15 


17 


20 


22 


25 


30 



Centres for Tops or Faces of Teeth. - 



No. of 
Teeth. 



Pitch in inches. 



1 li U If 2 2} 2^ 3 



12 
15 

20 

30 

40 

60 

80 

100 

150 

Back 



^^ ^ " 



5 


6 


7 


9 


10 


11 


12 


5 


7 


8 


10 


11 


12 


14 


6 


8 


9 


11 


12 


14 


15 


7 


9 


10 


12 


14 


16 


18 


8 


9 


11 


13 


15 


17 


19 


8 


10 


12 


14 


16 


18 


20 


9 


11 


13 


15 


17 


19 


21 


9 


11 


13 


15 


18 


20 


22 


9 


11 


14 


16 


19 


21 


23 


10 


12 


15 


17 


20 


22 


25 



15 
17 

18 
21 
23 
25 
26 
26 
27 
30 
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TABLE OF MULTIPLIERS 
Fob futdino thb Diambteb of Fitoh Lines of Whbeui, the Pitoh and numbeb of Teeth 

BEINO GIVEN. 



N 


X 


N 


X 


N 


X 


N 


X 


8 


2.6131 


32 


10.2023 


56 


17.8308 


80 


25.4713 


9 


2.9238 


33 


10.5224 


57 


18.1505 


81 


25.7963 


10 


3.2360 


34 


10.8396 


58 


18.4718 


82 • 


26.1096 


11 


3.6495 


35 


11.1584 


59 


18 7893 


83 


26.4304 


12 


3.8637 


36 


11.4737 


60 


19. WS 


84 


26.7595 


13 


4.1789 


37 


11.7913 


61 


19.4254 


85 


27.0645 


14 


4.4941 


38 


12,1100 


62 


19.7431 


86 


27.3989 


15 


4.8097 


39 


12.4240 


63 


20.0653 


87 


27.7076 


16 


5.1258 


40 


12.7454 


64 


20.3862 


88 


28.0238 


17 


5.4421 


41 


13.0642 


65 


20.7050 


89 


28.3471 


' 18 


5.7587 


42 


13.3838 


66 


21.0212 


90 


28.6537 


19 


6.0757 


43 


13.6975 


67 


21.3339 


91 


28.9923 ' 


20 


6.3924 


44 


14.0207 


68 


21 .6561 


92 


29.3134 


21 


6.7093 


45 


14.3355 


69 


21.9742 


93 


29.6160 


22 


7.0268 


46 


14.6589 


70 


22.2873 


94 


29.9515 


23 


7.3449 


47 


14.9709 


71 


22.6094 


95 


30.2680 


24 


7.6612 


48 


15.2897 


72 


22.9255 


96 


30.5638 


25 


7.9787 


49 


15.6085 


73 


23.2509 


97 


30.8931 


26 


8.2959 


50 


15.9259 


74 


23.5695 


98 


31.2012 


27 


8.6137 


51 


16.2491 


75 


23.8802 


99 


31.5184 


28 


8.9318 


52 


16.5617 


76 


24.1994 


100 


31.8362 


29 


9.2494 


53 


16.7143 


77 


24.5273 


120 


38.2015 


30 


9.5667 


54 


17.1984 


78 


24.8463 


150 


47.7491 


31 


9.8842 


55 


17.5134 


79 


25.1550 


180 


57.2986 



TABLE OP HORSE-POWER 

THAT CAN BE TBANSHTTTED FEB INOH IN WIDTH OF TeETH OF YABI0U8 PITCHES AND SPEEDS. 



Velodty 

in ft. per 

second. 



0.25 

0.50 

0.75 

1.00 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
12. 
14. 
16. 
18. 
20. 
22. 
24. 
26. 
28. 
30. 
35. 
40. 



Pitch of Teeth in inches. Cast-iron Wheels. 



I 
H.P. 



.008 

.017 

.025 

.033 

.067 

.10 

.13 

,17 

.20 

.23 

.27 

.30 

.33 

.40 

.47 

.54 

.61 

.66 

.74 

.81 

.88 

.95 

1.01 

1.2 

1.3 



1 
H.P. 



.015 

,030 

.045 

.06 

.12 

.18 

.24 

.30 

.36 

.42 

.48 

.54 

.60 

.72 

.84 

.96 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.8 

2.1 

2.4 



H.'P. 

.023 

.047i 

.070 

.094 

.188 

.28 

.37 

.47 

.56 

.65 

.75 

.84 

.94 

1.10 

1.30 

1.50 

1.70 

1.90 

2.10 

2.20 

2.40 

2.60 

2.80 

3.30 

3.70 



n i 

H.P. 

.033 

.067 

.101 

.135 

.270 

.40 

.54 

.67 

.81 

.94 

1.10 

1.20 

1.35 

1.60 

1.80 

2.10 

2.40 

2.70 

2.90 

3.20 

3.50 

3.70 

4.00 

4*70 

5.40 



H.P. 



2 
H.P. 



2J 
H.P. 



3 
HP. 



4 
H.P. 



5 
H.P. 



6 
H.P. 



.045, 
.090, 
.138; 
.184' 
.366 
.550 
.730 
.910 
1.10 
1.28 
1.40 
1.60 
1.80 
2.10 
2.50 
2.90 
3.30 
3.60 
4.00 
4.40 
4.70 
5.10 
5.50 
6.40 
7.30 



.060 

.12 

.18 

.24 

.48 

.72 

.96 

1.20 

1.40 

1.68 

1.90 

2.10 

2.40 

2.80 

3.30 

3,80 

4.30 

4.80 

5.30 

5.70 

6.20 

6.70 

7.20 

8.40 

9.60 



.093 

.180 

.281 

.375 

.750 

1.10 

1.50 

1.80 

2.20 

2.60 

3.00 

3.30 

3.70 

4.50 

5.20 

6.00 

6.70 

7.50 

8.20 

9.00 

9.70 

10.50 

11.20 

13.10 

15.00 



.135 

.270 

.400 

.540 

1.08 

1.60 

2.10 

2.70 

3.20 

3.70 

4.30 

4.80 

5.40 

6.40 

7.50 

8.60 

9.70 

10.80 

11.90 

12.90 

14 00 

15.10 

16.20 

18.90 

21.60 



.240 

.430 

.720 

.960 

1.90 

2.80 

3.80 

4.80 

5.70 

6.70 

7.60 

8.60 

9.60 

11.50 

13.40 

15.30 

17.30 

19.20 

21.10 

23.00 

24.00 

26.90 

28.80 

.H3.60 

38.40 



.370 

.750 

1.12 

1.50 

3.00 

4.50 

6.00 

7.50 

9.00 

10.50 

12.00 

13.50 

15.00 

18.00 

21.00 

24.00 

27 00 

30.00 

33.00 

36.00 

39.00 

42.00 

45.00 

52.50 

60.00 



.540 

1.08 

1.62 

2.16 

4.30 

6.40 

8.60 

10.80 

12.90 

15.10 

17.20 

19.40 

21.60 

25.90 

30.20 

34.50 

38.90 

43.20 

47.50 

51.80 

56.10 

60.40 

64.80 

75.60 

86.40 



t 



